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SOIL SURVEY OF THE OCEANSIDE AREA, 
CALIFORNIA 


By R. EARL STORIE, University of California, in Charge, and E. J. CARPENTER, United 
States Department of Agriculture 


AREA SURVEYED 


The Oceanside area, Calif., covers 577 square miles, or 369,280 
acres, situated in the northwestern part of San Diego County and 
comprising less than one-sixth of the total area of the county. Its 
location and boundaries are shown on the accompanying small out- 
line map. (Fig. 1.) The area is approximately 15 miles wide, 
from east to west, and 36 miles long, from north to south. 

The Oceanside area consists of a moun- 
tainous district, which covers the eastern 
half, and a coastal plain of broad flat- 
topped but dissected terracelile areas, that 
extend from the mountains westward to 
the ocean. In the mountainous part are 
a number of lowland areas, among which 
are Escondido, San Marcos, San Pasqual, 
and Poway Valleys. 

The coast line, is formed by sea cliffs, 
ranging from 40 to 100 feet high, bordered 
by a narrow stretch of beach sand. 

The seaward parts of the stream valleys 
are low and marshy, with lagoons near the 
sea that contain water during the rainy 
season but dry up during the summer, Ftovee L Sketch map show 
exposing broad flat areas heavily coated tif. trea Gant. Ye 90a 
with salts. Most of the lagoons are entirely 
cut off from the sea by sand bars, so that drainage water must perco- 
late through the sand, except during floods, when the bars may be 
washed out. The stream valleys lie at an elevation ranging from 200 
to 300 feet below the general level of the flat-topped mesas of the 
coastal plain. 

The average width of the coastal plain in the Oceanside area is 
about 8 miles, with an elevation on the east ranging from 500 to 600 
feet above sea level, where the plain gives way to the higher elevation 
of the mountains. 

The eastern half of the area, or the mountainous district, consists 
of rugged, rocky ridges having a northwest-southeast trend, with 
granite as the most common rock, and lowland areas within which 
rocks with low resistance to weathering outcrop. Extending from 
Fallbrook south to San Luis Rey River is a broad flat-topped granite 
ridge which is very smooth and free of bowlders and irregularities 
in surface relief as compared to the territory to the east. 
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Poway Mesa, in the southeastern part of the area, represents 
remnants of a very old and much eroded marine delta which is 
higher than the other terraces of the coastal plain, ranging from 600 
to 1,100 feet above sea level. 

The Oceanside area is not forested, although a few scattered live 
oaks grow in the interior lowland areas. Most of the uncleared 
land of the coastal plain has a thick cover of chamiso, and native 
grasses spring up on the open spots after the winter rains. Wild 
on bur clover, and alfilaria are the most common native forage 

ants, 

A number of large Indian rancherias and a fairly large Indian 
population were in this part of San Diego County before the found- 
ing of the missions, The San Diego Mission was founded in 1769 
and the San Juan Capistrano Mission in 1776. The mission fathers 
and the Spanish authorities recognized the distance between the San 
Diego Mission and the San Juan Capistrano Mission to be too 

reat for a day’s journey on foot, so the San Luis Rey Mission was 
ounded in 1789, with a station established at Pala soon after. Until 
1846 the territory was under Mexican rule, and land grants were 
distributed by the square league. Even after the Americans came 
in 1846 the large ranchos remained closed to settlement, so that the 
population in this part of the area did not increase until the eighties 
when the Escondido, Poway, and San Marcos districts were set- 
tled. Most of the early settlers on the land grants were of Spanish 
extraction. American immigrants from the eastern part of the 
United States came in and took up land outside the Spanish land 
grants after California was taken over by the United States. 

The 1930 census ? gives the urban population of San Diego County 
as 174,032 and the rural as 35,627. The majority of the urban popu- 
lation is in the city of San Diego. The density of the rural popula- 
tion in San Diego County, according to the 1930 census, is 8.4 persons 
a square mile. The population has increased greatly within the con- 
fines of the area surveyed during the last five years, owing to extensive 
real-estate promotion, the establishment of irrigated districts, and the 
extension of avocado culture along the coast. The large majority 
of the population is native white. A few Indians, Japanese, and 
Chinese live in the area. 

San Diego, the county seat of San Diego County, lies 15 miles 
south of the southwest corner of the Oceanside area. It has a popu- 
lation of 147,995, according to the 1930 census. Oceanside, the 
largest city within the Oceanside area, has a population of 3,508, and 
Escondido has 3,421. Escondido, Vista, and Fallbrook are the prin- 
cipal inland towns, and on the coast Oceanside, Carlsbad, Leucadia, 
Encinitas, Cardiff, Solana Beach, and Del Mar are rapidly devel- 
oping as seaside resorts, 

Transportation facilities are good. The Atchison, Topeka & Santa 
Fe Railway extends along the coast and has two branches connect- 
ing with inland points, one with Fallbrook and the other with Vista 
and Escondido. Two concrete State highways extend through the 


1 ELLIS, A J, and Ler, C H apoLoay AND GROUND WATERS OF THE WESTERN PART OF 
SAN DIEGO COUNTY, CALIFORNIA. U. 8 Geol. Survey Water-Supply Paper 446, 821 p., illus. 


19. 
a Soll-survey reports are dated as of the year in which the field work was completed. 
Later census figures are given whenever possible. 
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area from north to south, so that farm products can be guickly moved 
to market in San Diego or Los Angeles, and good county roads trav- 
erse the developed parts. The settled parts are well supplied with 
schools, churches, telephones, and other modern conveniences. High 
schools are located at Oceanside, Escondido, and Fallbrook, and motor 
busses provide transportation for students from the surrounding 
territory. 
CLIMATE 


The climate of the Oceanside area is characterized by a long com- 
paratively rainless growing season. About 75 per cent of the rainfall 
comes in December, January, February, and March. The total rain- 
fall gradually increases with increase in elevation to the east. 
Records along the coast show an average annual rainfall between 
9 and 13 inches. The average at Oceanside for a 10-year period is 
12.85 inches, 

Escondido, at an elevation of 657 feet, received an average of 
17.14 inches over a 29-year period. The total rainfall in the driest 
and wettest years show a great difference, the records at Oceanside 
showing 5.76 inches in 1910 and 19.77 inches in 1915. Escondido re- 
ceived 7.96 inches during the driest year and 27.98 inches in the wet- 
test year. 

The district immediately along the coast is visited by heavy sum- 
mer fogs that contribute much humidity to the atmosphere and aid 
in.the growing of summer crops, such as beans. The fogs usually 
occur during the early morning but occasionally remain all day. 
This district has a marine climate which is temperate and has but 
slight variation in the seasonal and daily range of temperature. 
Temperatures probably show less range here than anywhere else in 
the United States. 

Temperatures in the inland part of the area have a greater daily, 
as well as seasonal, variation. Temperatures of 100° F. or more 
are often experienced at Escondido and Poway during the summer, 
but the general humidity is a great deal lower in the warmer inland 
district, so that such temperatures are not highly uncomfortable, 

illing frosts rarely occur at Oceanside and in the territory 
immediately bordering the coast. This accounts to a large degree 
for the development that has taken place in avocado, winter vege- 
table, and flower culture in this part of the area. 

The average date of the first killing frost at Escondido is Novem- 
ber 18 and of the last is March 9. The average dates at Poway 
are November 24 and February 21. Both stations are located in 
inclosed vies about 15 miles from the coast. A great difference 
is noted locally in frost conditions, depending on the local surface 
relief, exposure to coast breezes, and general air drainage. Some 
slopes having good air drainage are not subject to killing frost 
but frost often occurs a short distance away in depressions and 
valleys. For this reason, citrus-fruit and avocado trees are usually 
grown on land having a sloping surface, and local valleys or 
copra ionE are avoided wherever possible. The Fallbrook, Vista, 
and Rancho Santa Fe districts are exposed to the sea breezes, though 
they are a few miles inland, so are comparatively frost free. 
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The prevailing winds are from the west and are moderate. The 
inland districts occasionally experience hot winds from the east, 
which account for high temperatures at such times. 

The normal monthly, seasonal, and annual temperature and pre- 
cipitation, as reported by the United States Weather Bureau station 
at Oceanside, are given in Table 1. 


TABLE 1—Normal monthly, seasonal, and annual temperature and precipitation 
at Oocanside, Calif. 


(Elevation, 80 feet] 


Temperature Precipitation 


Month 


Tota) amountiTotal amount 


Absoluta | Absoluto 
maximum | minimum 


Decomber...........-.------~- 
January.-..-.---- 
February. ....--- 


Winter......-.. 


September... 
October. 


AGRICULTURE 


A crude type of agriculture was carried on by the mission fathers, 
with the aid of the Indians, soon after the founding of the San Luis 
Rey Mission in 1798, but the need of water for irrigating the crops 
in San Luis Rey Valley was soon realized and water was brought a 
long distance for this purpose. Grazing cattle and sheep was the 
chief industry. In 1800 the mission had 450 head of cattle, 1,600 
sheep, 148 horses, and 14 mules,’ and by 1828 the numbers had in- 
creased to 25,674 head of cattle, 28,913 sheep, 1,232 goats, 295 pigs, 
2,226 horses, and 345 mules—a total of 58,685 domestic animals. This 
was the high point in the development of livestock at the mission 
and probabi was the high point of livestock production for the area. 

Sheep and. cattle grazed over much of this area until recent years. 
In 1919 and 1920 several large flocks of sheep were still maintained, 
but since 1920 sheep have practically disappeared. A rather large 
number of beef cattle are still maintained in the area east of Del 
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Mar, and a small herd of Devon cattle is maintained in the Fall- 
brook section; but aside from these, grazing has practically passed 
out as an agricultural industry. 

The lands controlled by the San Luis Rey Mission in 1822 ex- 
tended 11 leagues from north to south and 15 leagues from east to 
west, Orchards and vineyards were established at San Luis Rey and 
Pala. By 1829 there were 3,000 Indians on the mission lands, but 
soon after this the lands were taken from the Indians by the Gov- 
ernor of California and given to private individuals under the Mexi- 
can flag. Up until 1846 the production of hide and tallow was the 
important industry of the area, these commodities being shipped in 
large quantities from the port of San Diego by the owners of the 
large land grants. Until the Americans came there were no plows. 
The hide and tallow trade practically ended with the transfer of 
California to the United States, and the beef industry developed 
rapidly after this. Beekeeping sprang up as an important industry 
in the back country about 1878. The Escondido and San Marcos dis- 
tricts were opened to general settlement in 1886 and 1887.4 The 
Poway, Fallbrook, and San Pasqual districts were never included in 
the Spanish land grants so were early developed for general-farming 
purposes, 

According to the Federal census of 1880, there were in that year 
696 farms in San Diego County with a total of 559,390 acres, or an 
average of 804 acres a farm. In 1890 the number of farms was 2,474, 
the total acreage in farms 887,796, and the average size of farms 359 
acres. In 1930 the number of farms had increased to 3,902 and the 
average size had decreased to 213.6 acres. At the present time the 
farms in the rough mountainous country in the eastern part of the 
Oceanside area are large and those in the intensely developed district 
along the coast range in size from 1 to 10 acres. 

In 1929, $431,126 were expended in the county for fertilizer (in- 
cluding commercial fertilizer, manure, and lime), an average of 
$357.78 a farm for the 1,205 farms reporting. Most of the fertilizer 
is used for potatoes, flowering plants, truck, and citrus fruits and is 
bought ready mixed. For potatoes and general truck crops a 4-8-4 ° 
or 4-8-5 fertilizer is used. 

Owners operate a large percentage of the farms of the county, 
tenants 10.8 per cent, and a ver mali ercentage is operated by man- 
agers. Land used for grain, hay, and dry-farmed crops is usually 
rented on a share basis, the owner usually receiving one-fifth of the 
grain crop. Nearly all irrigated farms are rented for cash. 

The farm laborers are largely Mexicans. They are paid about $3 
a day and board themselves. Tractor operators and other special 
laborers are supplied locally. 

The larger farms are wall fhe ald with power machinery. On 
the small intensively cultivated tracts along the coast much of the 
work is done by agricultural contractors who own the necessary 
equipment for cultivation of the land. Most of the farm buildings 
are of light construction because of the mild climate, and large weath- 
erproof barns are not needed. Farm dwellings in the irrigated 


“Van DYEB, T S. CITY AND COUNTY OF SAN DIEGO. 218 p., illus. San Diego, Calif, 
3 Percentages, respectively, of nitrogen, phosphoric acid, and potash, 
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districts are, as a rule, very fine buildings, and in the avocado and 
citrus districts people of means have constructed residences of dis- 
tinction and taste. 

Dairying is an important industry along the river valleys where 
alfalfa can be produced cheaply, and the poultry industry has ex- 
panded rapidly, particularly in the Escondido and Fallbrook sections. 

In point of value of land, buildings, and livestock, the dairy in- 
dustry is the leading livestock industry in this section. Most of the 
animals are high-grade Holstein-Friesians, Guernseys, and Jerseys, 
as practically all the herds are sired by purebred bulls and there 
are also many purebred cows. However, very few purebred_herds 
are in the area, and breeding has not assumed importance. Dairy- 
ing is carried on intensively, and many of the ranches do not pur- 
duce all the roughage that is fed to the animals. A large quantity of 
alfalfa hay is shipped into the area to be fed to dairy animals, and 
practically all the dairymen buy their grain concentrates. The milk 
poet is sold largely in San Diego as fresh milk, and the quality is 


i 
‘Based on the number of persons actively engaged in it, the poultry 
industry ranks first among the livestock industries. This industr 
is well established on a commercial and highly specialized basis, an 
jt appears to offer some opportunity for further Spanon The 
average flock of poultry includes about 1,000 laying hens, although 
some flocks comprise more than 4,000. The chickens are largely 
White Leghorns, and a few rather large flocks are Rhode Island 
Reds. Most of the commercial poultrymen replace their flock with 
pullets each year, and a number of hatcheries located in the area 
supply day-old chicks. The eggs produced are handled by a coop- 
erative poultry organization at Escondido and are sold largely in 
the Los Angeles market. 

In growing specialized crops, such as citrus fruits, avocados, bulbs, 
and winter vegetables, climate is a very important factor. These 
crops can be grown only in frost-free or comparatively frost-free 
districts, and the frost danger, together with the water supply, is 
usually considered first. In fact In many places in the area such 
crops are grown on poor soils because of an available water supply 
and because the location is comparatively frost free. 

Citrus fruits bring in one of the highest returns of any of the 
crops grown. The largest acreage occurs in Escondido Valley, 
where 2,500 acres are reported to be irrigated by the Escondido Mu- 
tal Water Co. More than 80 P cent of the acreage of citrus fruits 
in this district is grown on Fallbrook fine sandy loam with good 
results. The Vista irrigation district reports 899 acres of orange 
and lemon trees (1929). More than 60 per cent of these are grow- 
ing on Vista sandy loam, the rest on a large number of soils that 
are not so desirable for the culture of these fruits. The acreage of 
citrus fruits in the Fallbrook district, of which lemons make up the 

eater proportion, is limited by the present water supply. The 

istrict 18 practically frost free, and the soils are Vista sandy loam 
and Fallbrook fine sandy loam. Both are deep soils, free of stone, 
and are considered highly desirable for citrus Fruits. A large acre- 
age of young citrus trees has been pene on the Rancho Santa Fe, 
on a wide variety of soils, many of which are shallow or have been 
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so badly eroded that the subsoil is exposed on the surface. Care 
must be used in the irrigation of these soils. Bean straw and other 
organic manures are used to build them up. 

Avocado growing is an industry that has developed within the 
last five years in the Oceanside area. Before 1925 there were onl 
a few small plantings, but now (1929) most of the land includ 
in the irrigated districts on the coastal plain is rapidly being set 
out to this fruit. The Vista irrigation district reported 19 acres de- 
voted to avocados in October, 1926; 395 acres in December, 1927; and 
1,850 acres in May, 1929. Plantings of this fruit have increased in 
the same proportion along the coast from Oceanside to Solana Beach 
and on the Rancho Santa Fe. More than 1,000 acres are now in avo- 
cados along the immediate coast line, in addition to those in the 
Vista and Rancho Santa Fe districts. 

The primary limiting factor in avocado growing is the occurrence 
of low winter temperatures, and, as the trees are also sensitive to 
high summer temperatures, they seem to thrive best in the more hu- 
mid coastal districts. The avocado tree is extremely sensitive to 
poor drainage, and soils that are shallow, poorly drained, or contain 
much alkali are undesirable for avocado production. Along the coast 
more than 80 per cent of the avocados are grown on Elkhorn loamy 
sand which has a mellow surface soil and pervious well-drained 
subsoil, providing favorable conditions for root and moisture pene- 
tration. The water-holding capacity can be built up by adding 
bean straw and manures or by growing cover crops. 

The avocado does not do so well on soils having heavy clay sub- 
soils, such as Olivenhain loamy fine sand. The subsoil of this soil 
consists of very stiff waxy clay that restricts the movement of water 
and results in a rather poor condition of drainage and aeration. 
Some very good young groves are growing on Vista sandy loam and 
Fallbrook fine sandy loam in the Vista and Fallbrook districts. In 
comparing groves at the present time, it must be remembered that 
practically all the trees are less than five years of age and, bei 
small, will not respond so readily to adverse soil conditions as wi 
older trees. 

Grapes are extensively grown in the district contiguous to Escon- 
dido Valley. More than 75 per cent of the grapes are of the muscat 
varieties. They are shipped fresh to the coast and eastern markets. 
It is estimated that more than 4,000 acres are devoted to grapevines 
in this district. The coastal plain is not considered desirable for 
grapes, owing to the more humid atmosphere. Grapes are usually 
grown without irrigation, and in years of low rainfall yields are low. 
More than 50 per cent of the grapes are grown on Fallbrook fine 
sandy loam and the remainder on Escondido silt loam, Ramona sandy 
loam, and Merriam sandy loam. 

The growing of truck crops is an important industry, especially 
along the coast where winter crops are not damaged by frost and 
mature at a time when prices are good. Winter potatoes, peas, squash. 
and cucumbers are successfully grown during the off season on Elk- 
horn loamy sand. In 1929, 300 acres were in squash, 680 acres in 
garden peas, 1,247 in potatoes, 2,023 in tomatoes, and 151 acres in 
cucumbers. The acreage of tomatoes is well scattered over the Vista 
and Escondido districts. Tomatoes are grown both with and with- 
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out irrigation. String beans and Lima beans are grown near the 
coast on a wide variety of soils. The nonirrigated. acreage occurs in 
the valleys where the soils are deeper and contain more moisture. 
Spring and summer vegetables are extensively grown in San Luis 
Rey Valley and other valleys. Hanford fine sandy loam and Foster 
fine sandy loam are very desirable for such crops. 

Bulb and flower growing have rapidly come to the front as a lead- 
ing agricultural industry along the coast. This industry is centralized 
on Elkhorn loamy sand in the Carlsbad, Encinitas, and Solana Beach 
districts. Here the climatic conditions are favorable for growing 
market flowers when they are not available elsewhere. Bulbs mature 
early, owing to the sandy soil and the mild climate. 

Alfalfa is produced in the San Luis Rey Valley and other small 
valleys where cheap irrigation water can be obtained from wells, The 
soils are deep and easy to irrigate. Most of the alfalfa is produced 
on soils of the Hanford, Foster, Greenfield, and San Marcos series. 

Grain and grain hay are produced on those soils which are in- 
capable of more intensive development, either owing to lack of water 
or poor climatic conditions. Barley occupies 8 larger acreage than 
wheat. Grain is grown to some extent on all the soils, but especially 
on the soils of the upper coastal-plain region. The small acreage in 
corn is almost entirely on the bottom lands along the streams. 

Very little attempt is made to follow any system of crop rotation. 
A certain sequence of truck crops, such as peas, lettuce, or squash 
during the winter and beans in the summer, is followed by many 

rowers, and these erop are often grown between young trees be- 
ire they bear fruit. The practice of intercropping between older 
trees is to be discouraged as such crops rob the fruit trees of plant 
food and moisture. 

More than 200 varieties of avocados are grown in California at 
the present time, although many of these are yet in the experimental 
stage. The Fuerte is the most popular variety in this area, and 
the Dickinson, Anaheim, and Puebla are also popular. Cultural 
operations in avocado orchards are similar to those practiced in 
citrus orchards. The young trees are usually protected by some 
type of wind shelter or screen. Along the coast high lath fences 
are common. As the avocado is a shallow-rooted tree, abrupt changes 
in depth of plowing or pulsing, are likely to cause injury. Barn- 
yard manure is the most common fertilizer used and is highly recom- 
mended for use on the soils of the Elkhorn series and other soils 
deficient in organic matter, and bean straw is also giving good re- 
sults. Nitrogenous commercial fertilizers are applied to the trees, 
and cover crops, pace purple vetch and sweetclover ( Melilo- 
tus indica), are grown with the aid of the winter rainfall and turned 
under in the spring to improve the physical condition of the soil 
as well as to supply needed organic matter. 

Avocado trees are native to regions of high rainfall which comes 
during the growing season, hence, in this area, where the rainfall 
is low, they require an adequate supply of irrigation water. Ex- 
perience has shown that from 1 to 2 acre-feet of water are required 
each year. Irrigation water is applied by means of furrows, basins, 
and overhead sprinkling systems. The last method is becoming 
very popular for other crops as well as avocados, as the water can 
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be applied uniformly on sandy soils and on fairly steep slopes, and 
it requires very little attention after the water is turned on. 

For additional information on the culture of avocados the reader 
is referred to Avocado Culture in California® 

The methods used in handling citrus fruits in the Oceanside area 
are the same as those in use throughout the State. Orchard heating 
is used in the colder districts, From 14% to 24% acre-feet of water 
per annum are used on bearing citrus trees, the larger quantity being 
used in the warmer valleys in the eastern part of the area. Barn- 
yard manure, bean straw, and nitrogenous fertilizers are used to 
maintain the fertility of citrus lands. Cover crops are grown during 
the winter and plowed under after the rains cease in the spring. 

Potatoes are usually planted in the fall or early winter and har- 
vested in March and April. From 800 to 1,000 pounds of commercial 
fertilizer, consisting of 4-8-4, 8-8-4, and 7-12-6 mixtures, are applied 
at the time of planting on the sandy soils of the coastal plain. The 
potatoes are shipped as new potatoes in lug boxes, and they command 
7 good price. Potatoes are grown on both irrigated and nonirrigated 

and. 

String beans of the Kentucky Wonder variety are grown near the 
coast on many of the small ranches and are harvested in late spring. 
Lima beans have long been a favorite crop for the coast district. 
They are planted between April 15 and May 15 and are harvested in 
late summer and early fall, the yields ranging from 6 to 12 sacks an 
ie although yields on irrigated land, consisting of good soil, are 

eavier. 

The acreage of tomatoes varies greatly from ee to year. The 
early ep is planted in May and harvested in July, and later plant- 
ings are harvested from October to January. 

The acreages of barley, wheat, and oats are gradually decreasing 
each year as more intensive crops are grown and as more land is put 
under irrigation. These crops are planted in December and January 
so that they benefit from the season’s rain. Some land is summer 
fallowed, but the acreage is not large. The principal varieties of 
wheat are Defiance and Escondido; of barley, Golden Mariout; and 
of oats, Red Rustproof (Red Texas). Yields of grain vary greatly, 
owing to the variable amount of rainfall. 

Alfalfa is cut from four to six times a season and yields from 5 to 8 
tons an acre on the deep soils of the river bottoms. Much of the 
alfalfa is used for pasture for dairy cows. Alfalfa land must be 
irrigated once or twice a month during the growing season. The 
irrigation water is supplied from wells, and the water is distributed 
over the alfalfa fields by means of border checks, 


SOILS AND CROPS 


The area covered by the soil survey of the Oceanside area is 
included in that of the earlier Reconnaissance Soil Survey of the 
San Diego Region.’ In this earlier survey soil mapping was con- 
ducted on a much more extensive and less detailed scale than in the 


6 RYÐRSON, K., A, AVOCADO CULTURD y es iva? PART HISTORY, CULTURH, VARIN- 

TIES AND MARKETING. Calif, Agr. Ean . Sta. Bul 365: (575]--620, illus, 1928 
‘HoLMes, L. C.. and PENDLETON, R. L. RECONNAISSANCE SOIL SURVEY OF THE BAN 

pieco paaro SAI FORNIA. U N$ Dept. Agr, Bur Soils, Field Oper 1915, Rpt 64: 2609- 
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present survey, in which a much smaller area is classified and mapped 
in much greater detail. Owing to the more intensive study in the 
later survey, resulting in the recognition of soil series and soil types 
not recognized or differentiated in the broader and less detailed 
classification of the earlier survey, a number of apparent conflicts 
in classification in the soils of the two surveys occurs. The more 
important of these are noted under the discussions of the various 
soil series and types which follow. Many of the apparent incon- 
sistencies in classification represent a normal development in the 
science of soil classification during the period of some 15 years inter- 
vening between the time of the two surveys. 

Because of the wide range in agriculture practiced in the area and 
the large number of divergent soil types, it would be difficult to des- 
ignate the particular types that dominate the agriculture. A few 
soil types cover fairly large areas, but in general each type covers 
a small area. 

In the following pages the soils of the Oceanside area are de- 
scribed in detail and their agricultural possibilities are discussed, the 
accompanying soil map shows their distribution and location, and 
Th 2 gives the acreage and proportionate extent of the different 
s0 


Tanım 2.—Acreage and proportionate extent of the soila mapped in the Oceanside 


area, Calf. 
Type of soil Acres Per Type of sol Acres Per 
cent cent 

Vista sandy loam........-...e.-00- 
Fallbrook Jino sandy loam. 2.6 
Las Posas stony fine sand: 12 

Fonokti stony loam. 

Escondido silt loam... 8 
§ 
12 
6 
L3 
4.1 
LI 
13 
3.6 
9 
24 
4.6 
4 
Ll 
.2 


VISTA SANDY LOAM 


Vista sandy loam has a brown friable sandy loam surface soil and 
a slightly heavier subsoil that grades into decomposed granitic bed- 
rock at a depth ranging from 30 to 60 inches. This is locally known 
as “brown granite soil.” The soil is easy to till and seems very 
productive when sufficient moisture for crop growth is present, 

One large body of this soil, more than 40 square miles in extent, 
lies south and east of Fallbrook. Other important areas are scat- 
tered over the eastern part of the area surveyed, east of Vista and 
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bordering Escondido Valley. Some stony areas occur which are 

too stony for tilled crops and are used largely for pasture, but small 
atches in them can be farmed. Such areas are shown on the map 
y stone symbols, . 

Where water is available for irrigation, Vista sandy loam is a 
very desirable agricultural soil. In the Fallbrook district scattered 
orange, lemon, grapefruit, and avocado groves are planted where 
irrigation water is available. Under irrigation in the Vista dis- 
trict, this soil is used extensively for a variety of crops. Without 
irrigation grain and grain hay are the principal crops, and some 
olives and grapes are grown. In the Oceanside area Vista sandy 
loam occurs in frost-free or comparatively frost-free situations. 

The water-holding capacity, as well as the organic-matter con- 
tent of this soil, can be built up by turning under organic crop 
residues and green-manure crops. There is still a large acreage 
that can be used for intensively grown crops and for orchards when 
water is available for irrigation. 


FALLBROOK FINE SANDY LOAM 


The surface soil of Fallbrook fine sandy loam is brownish-red 
or dull-red fine sandy loam or sandy loam, which is very friable 
when moist. The soil has a tendency to bake and harden on drying, 
although the surface soil has good water-holding capacity. The 
subsoil is fine sandy loam which contains much colloidal material 
and is plastic, but it absorbs water fairly readily. The soil is easy 
to till when moist, and good results are obtained where sufficient 
moisture is available for plant growth. Fallbrook fine sandy loam 
is locally known as “red granite soil,” on account of its color and 
the character of the parent rock underlying it. 

This soil is one of the most extensive in the area surveyed, occur- 
ring in large bodies surrounding Escondido Valley, the Green Valley 
district, north and east of Vista, and in scattered areas east of 
Bonsall and Fallbrook. Stony areas, shown by stone symbols, 
occur in association with the areas of fine sandy loam which are 
free of large stones. The stony areas are somewhat rougher in 
surface relief, and their stone content reduces their agricultural 
value. They are largely used for pasture, although small areas can 
be tilled. 

Fallbrook fine sandy loam is used for a wide variety of crops, 
with irrigation. Among these are citrus fruits, avocados, and gen- 
eral truck crops. Grapes (principally of the muscat varieties) are 
grown without irrigation in the Escondido and Poway districts, 
with grain, grain hay, and corn as the principal nonirrigated crops. 
eae 2,500 acres of this soil are devoted to citrus trees 
in the Escondido district. This land is under irrigation. Grapes 
Are grown on more than 4,000 acres of nonirrigated land of this 


LAS POSAS STONY FINE SANDY LOAM 


Las Posas stony fine sandy loam consists of dark brownish-red 
or red friable fine sandy loam. The surface soil is somewhat variable 
in texture, small areas occurring that contain less stone and are as 
heavy as clay loam. The soil proper averages less than 3 feet in 
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depth. Stones and rock outcrops occur in such abundance that most 
of the soil is used as pasture land, owing to the difficulty of tillage. 
The soil is typically nonmicaceous, and most of the stones, which 
range from a few inches to several feet in diameter, are angular. 
Just above the bedrock, the subsoil is slightly heavier in texture 
than the surface soil. 

Several areas of this soil are north and east of Olivenhain, and 
smaller areas are east of Vista and bordering Black Mountain on 
the south. 

Las Posas stony fine sandy loam is not an important agricultural 
soil, owing to the stony shallow character of the soil and the some- 
what broken surface relief on which it occurs. Probably less than 
10 per cent of the land is under cultivation at the present time (1929), 
although the acreage could be increased somewhat if water were 
available for irrigation. A few vineyards have been established in 
the areas of deepest soil, and some diversified agricultural develop- 
ment occurs in the Vista irrigation district. 


KONOKTI STONY LOAM 


Typically Konokti stony loam consists of a brown or slightly 
reddish-brown friable stony loam surface soil, underlain by a slightly 
heavier subsoil that grades into the parent bedrock. The soil is 
shallow and stony, bedrock in most places occurring within 3 feet 
of the surface. Small bodies occur within areas of this soil which 
do not contain much stone and are used for grain, hay, and general 
field crops, but as a whole Konokti stony loam is too rough and 
stony for tilled crops and is used for pasture. A fairly good stand 
of native grasses grows on this soil. 

Konokti stony loam is associated with Las Posas stony fine sandy 
loam and occurs in scattered areas northeast of Olivenhain and in 
the vicinity of Black Mountain. Agriculturally it is of little 
importance. 

ESCONDIDO SILT LOAM 


Escondido silt loam consists of pale reddish-brown or yellowish- 
brown extremely friable and floury silt loam that extends to the 
underlying broken parent schist bedrock, typically without change 
in texture, structure, or color. The soil is easy to till, absorbs water 
readily, and has a good water-holding capacity. Underlying most 
areas, at a depth ranging from 24 to 40 inches from the surface, is 
shattered bedrock. The soil appears somewhat red when wet, and in 
the earlier reconnaissance survey it was included with the red soils of 
the Sierra and Aiken series. 

Areas of Escondido silt loam occur north and east of San Marcos, 
south of San Marcos in the vicinity of Mount Whitney, and scat- 
tered bodies are directly south of Hodges Reservoir. Some areas 
have loose angular schist rock fragments over the surface and 
throughout the soil mass and are shown on the map by stone symbols. 

Where water is available for irrigation Escondido silt loam is used 
for a wide variety of crops. Most of the soil occurs in compara- 
tively frost-free situations on rolling hills. Citrus trees are grown 
in the districts northwest of Escondido and northeast of Buena on 
land that is under irrigation. Grapes, of the muscat varieties, are 
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grown on nonirrigated land. Probably 25 per cent of the soil is 
now in grapes or has been in grapes at some time in the past. Stony 
areas of this soil are not tilled to 2 great extent but are used mainly 
for pasture, though a small acreage is used for grapes. A fairly 
large irrigated mulberry planting is on this soil northeast of San 
Marcos. tt is used in connection with a local silk-producing 
industry. 
ALTAMONT CLAY LOAM 


The surface soil of Altamont clay loam consists typically of brown 
or light-brown friable clay loam from 4 to 12 inches deep. As 
mapped, however, the texture ranges from fine sandy loam to light 
clay koam, the soil peng generally slightly heavier in texture on the 
slopes and sandier on the tops of the ridges. This variation in tex- 
ture is due, to 2 great extent, to erosion which is very active on the 
coastal-plain terraces where Altamont clay loam occurs. The sur- 
face soil rests on a brown, irregularly calcareous, compact clay layer 
that is extremely tight and waxy. The substratum or parent bed- 
rock is moderately consolidated, intermittently calcareous fairly 
hard shale rock in the areas southeast of Del Mar. Erosion has 
exposed the subsoil in spots, and where this occurs the soil is hard 
to handle owing to the variable quantity of water contained, poor 
drainage, and stickiness of the soil material. The growth of deep- 
rooted crops is limited on this soil by the heavy compact character 
of the subsoil which prevents the penetration of roots and water to 
a great degree. 

reas of Altamont clay loam occur on the modified slopes of the 
coastal-plain terraces east and southeast of Del Mar and southeast 
of Olivenhain, and one area is southwest of Vista. 

Grain and grain hay are grown without irrigation on Altamont 
clay loam, and yields ranging from 5 to 15 sacks ® an acre of barley 
and wheat are obtained. In a good year hay will produce 1 ton or 
slightly more. 

Altamont clay loam, gravelly phase.—The gravelly phase of Alta- 
mont clay loam has a profile similar to that of typical Altamont 
clay loam, with the exception of a covering of cobbles and gravel 
over the surface and throughout the surface soil. One area located 
3 miles southwest of Black Mountain occurs on a flat-topped mesa, 
but the other areas west of this and southeast of Olivenhain occupy 
the rough broken slopes of mesas and have little value except as 
pasture land. There are small scattered areas devoted to general 
field crops, such as are grown without irrigation on the coastal plain. 
Probably more than 80 per cent of this gravelly soil is covered with 
brush, is eroded, and has little value except as poor pasture. 


ALTAMONT CLAY 


The surface soil of Altamont clay consists of rather dark dull- 
brown or rich-brown clay that is sticky and hard to till when wet 
and bakes very hard when dry. The subsoil in most places is cal- 
careous and rests on calcareous bedrock at a depth ranging from 
20 to 50 inches. The quantity of lime in the subsoil and depth to 


8 The capacity of grain sacks in the different markets of California ranges from 100 to 
125 pounds, but the average is about 2 bushels. 
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bedrock are variable. Bedrock ranges in character from soft lime- 
stone to fairly hard material containing lime in the upper part. 
Altamont clay has a high water-holding capacity and is considered 
desirable for grain, beans, and general farm crops, without irriga- 
tion. Most of the land has been cleared and has been farmed to some 
extent. The heavy texture, which hinders cultivation, has a tend- 
ency to limit the agricultural use of this soil to a great extent. 
Areas of Altamont clay in the Rancho Santa Fe and Vista districts 
have been planted to citrus fruits and avocados, with irrigation. 
Areas of Altamont clay are scattered over the higher parts of the 
coastal-plain region at Vista, near Buena, 4 miles southwest of San 
Marcos, 4 miles southeast of Carlsbad, and in the Rancho Santa Fe 
district. One area west of Black Mountain contains much rock 
outcrop and loose stone and is redder than typical, and it is underlain 
by calcareous bedrock. This body of soil is used for pasture as the 
stone content is too great for plowing and the surface is broken. 
With the exception of the last-named area, Altamont clay occurs on 
rolling or hilly slopes that can be farmed. On the steeper slopes 
some difficulty is experienced in applying irrigation water, as the 
soil absorbs water slowly owing to its heavy character. A few croded 
spots occur, but as a rule the land is free from excessive erosion. 


DIABLO CLAY 


The surface soil of Diablo clay consists of dark-gray or black 
sticky clay that has a pronounced adobe structure in spots, in which 
the soil on drying checks and breaks into blocks separated by cracks. 
The soil hardens on drying; but under favorable conditions of mois- 
ture and tillage, the blocks and clods break down into smaller aggre- 

ates, causing the soil to be more easily handled than would otherwise 
Ea the case. en wet, the cracks close and the soil is black. The 
subsoil is lighter in color and, owing to the lime content, breaks up 
into small clods or granules when exposed to the air. At a dept 
ranging from 24 to 48 inches soft bedrock that is high in lime nor- 
mally occurs. The surface soil contains a large quantity of organic 
matter. 

Diablo clay occupies the tops and slopes of high terraces on the 
coastal plain. A number of areas of this soil occur northeast and 
east of Oceanside, west of Buena, east of Ponto, north of Rancho 
Santa Fe, and in the Vista district. One area south and another 
2 miles northeast of Black Mountain have a surface covering of cob- 
blestones from 2 to 5 inches in diameter. These two areas occur on 
the lower slopes of a high mesa and are used for pasture. Three 
small areas northwest of Vista have a nodular accumulation of lime 
in the subsoil and would have been mapped as Montezuma clay had 
they been more extensive, 

Nearly all the areas of Diablo clay are, as regards surface relief, 
suitable for cultivation, with the exception of the stony areas in 
the vicinity of Black Mountain and small areas on terrace slopes, yet 

robably less than 50 per cent of the land has been cultivated. Dry- 
farined grain and grain hay are the principal crops. A small acreage 
has been cropped to peas and beans with fair results, and a small 
acreage has been set out to avocados within the last three years, since 
i development of irrigation in the Vista and Rancho Santa Fe 
istricts. 
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The surface soil of Ayar clay loam consists of brown or rather 
dull grayish-brown clay loam that is loose and friable and has 
the appearance of being lighter in texture, owing to the high 
lime content. The subsoil is light-gray friable clay loam containing 
a large quantity of lime, with pieces of calcareous bedrock through- 
out the lower part. The highly calcareous consolidated parent bed- 
rock occurs at a depth ranging from 18 to 48 inches below the 
surface. 

This soil is inextensive in the Oceanside area. Several small 
bodies occur in the vicinity of Black Mountain and south and east of 
Rancho Santa Fe. The soil has a high water-holding capacity 
and, with its ease of tillage, is highly desirable for grain and grain 
hay. It occurs in gently rolling areas that can be easily farmed. 
A number of small areas in the vicinity of Buena have been recently 
brought under irrigation and planted to avocado trees. 


LINNE CLAY 


The surface soil of Linne clay consists of dark-gray or dark 
brownish-gray friable clay containing a large quantity of lime. The 
subsoil is calcareous, of dark-gray or light Bron By color, 
and of about the same texture as the surface soil. At a depth 
ranging from 18 to 40 inches, it rests on softly consolidated parent 
bedrock with a high content of lime. Fragments of this white 
bedrock occur throughout the soil mass, extending to the surface 


in Pepe 

he soil has a high water-holding capacity and contains a large 
quantity of organic matter. It is sticky when wet but is friable 
when dry, owing to the high lime content. 

The soil occurs on rounded grass-covered hills, the largest area 
being directly east of Black Mountain. Other areas in this locality 
are south and west of Black Mountain. Areas occur south of 
Buca, and a number of small bodies are scattered over the coastal 
plain. 

Linne clay is used for dry-farmed grain and grain hay, and 
practically none of it is under irrigation. 


ELKHORN LOAMY SAND 


Elkhorn loamy sand is the important avocado, flower, and vege- 
table soil of the sandy coastal-plain district which extends from 
Oceanside south through Carlsbad, Encinitas, and Solana Beach. 
This soil, which was recognized as representing a distinct series of 
soils subsequent to the reconnaissance survey, was, in that survey, 
included with Kimball sandy loams. 

Elkhorn loamy sand has 8 brown or light reddish-brown loamy 
sand surface soil, the texture of which is stich that it can be tilled 
at any moisture content. When moist it is very friable, but it has 
a tendency to bake very hard on drying. The subsoil, of similar or 
slightly more yellowish-brown color, consists of moderately compact 
or semicemented sandy material, occurring at a depth ranging from 
15 to 36 inches below the surface. When moist the subsoil does not 
show the same degree of compaction as it does when dry. The lower 
part of the subsoil is hard and compact although it is very sandy. 


16 BUREAU OF CHEMISTRY AND BOILS, 1929 


One area of Elkhorn loamy sand along the coast at Leucadia has 
a surface soil without compaction extending to a depth of 4 or 5 
feet. Smaller areas of the soil, which have been subject to recent 
sand movement, are also deep. 

A more or less continuous strip of Elkhorn loamy sand extends 
along the sea front from Oceanside south to Del Mar. This strip 
is from one-half to 114 miles wide and slopes gently from the sea 
cliffs to an elevation of approximately 200 feet above sea level. 

Most of the recent development of the avocado, truck-crop, and 
flower growing industries, made possible by the construction of 
irrigation works, has taken place on Elkhorn loamy sand. The 
Oceanside Mutual Water Co. serves the Oceanside and Carlsbad 
districts by means of pumped water from San Luis Rey Valley and 
the Leucadia, Encinitas, Cardiff, and Solana Beach districts obtain 
water for irrigation from Hodges Reservoir. One area of this soil 
between Agua Hedionda Creek and Batiquitos Lagoon does not have 
irrigation water available at the present time and is being used for 
growing potatoes and beans. 

Other than areas reserved for residential purposes along the coast, 
all of Elkhorn loamy sand is used for crops, principally avocados, 
bulbs, flowers, and winter vegetables. Avocados are grown because 
of the desirable climatic conditions, as the nearness of the ocean 
has a tempering effect both on extreme heat and winter frosts. The 
sandy character of the soil is desirable for the culture of bulbs and 
winter vegetables. Probably 50 per cent of the irrigated area of 
Elkhorn loamy sand is set out to avocado trees, and the remainder 
is divided among bulbs, flowers, potatoes, beans, peas, squash, and 
uncultivated residential lots. 

Although friable, easy to till, and warm, Elkhorn loamy sand is 
somewhat lacking in humus and general fertility. Applications of 
manure give good results, bean straw is very extensively used in 
avocado groves in addition to commercial fertilizers, and in growing 
truck crops and flowers, complete fertilizers containing nitrogen, 
phosphoric acid, and potash are used. 


CARLSBAD LOAMY FINE SAND 


Carlsbad loamy fine sand is associated with Elkhorn loamy sand 
on the sea front. This soil, which was in this survey recognized 
as representing a distinct soil series, was, in the reconnaissance sur- 
vey of the San Diego region, included with undifferentiated ma- 
terials in the Las Flores, Kimball, and San Joaquin sandy loams. 

Typically the surface soil of Carlsbad loamy fine sand consists 
of pele reddish-brown friable loamy fine sand that contains many 
iron pellets about the size of small peas. These do not interfere 
with cultivation, although they are very conspicuous on the surface 
in places. The subsoil is about the same color as the surface soil, is 
moderately compact, but normally is not much heavier in texture 
than the surface soil. A cemented substratum of red sandstone 
underlies the subsoil at a depth ranging from 20 to 40 inches below 
the surface. 

Areas of this soil occur near Oceanside, Carlsbad, Ponto, Leucadia, 
Encinitas, Cardiff, Solana Beach, and Del Mar, on the crests of 
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A, Area of Carlsbad loamy fine sand prepared for planting to avocados Note small circular basins 
in whieh trees are to be placed B, General view overlooking area of erqded phase of Las Flores 
loamy fine san 
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Profile of Olivenhain loamy fine sand, showing surface soil, or A horizon, of friable loamy fine sand 
underlain abruptly by B horizon of drab heavy compact clay of solonetz structure, resting on C 
horizon of parent semicemented or consolidated marine sediments 
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ridges paralleling the coast line at an elevation ranging from 200 
to 300 feet above sea level. The rn and edges of the ridges are 
eroded and the depth of soil is variable, so that agriculture is limited 
by the degree of erosion. . 

More than 75 per cent of Carlsbad loamy fine sand is covered by 
brush and is not used for agriculture. Areas under irrigation that 
border Elkhorn loamy sand are used for avocados, flowers, and truck 
crops. (Pi. 1, A.) Nonirrigated early potatoes are grown on a few 

atches. 

Š The general fertility and organic-matter content of this soil are 
low, and crops planted on it are heavily fertihzed. For trees or deep- 
rooted crops, the soil is somewhat shallow, and this condition is 
further impaired by active erosion. The topsoil may be very thin in 

Jaces. 

p Carlsbad loamy fine sand, gravelly phase.—The gravelly phase of 
Carlsbad loamy fine sand is associated with typical Carlsbad loamy 
fine sand, from which it is differentiated on the basis of the large 
content of gravel scattered over the surface and throughout the soil 
mass. Most areas of the gravelly soil are badly eroded and covered 
by a growth of chamiso and a little grass. In many places much 
gravel occurs on top of the substratum at a depth ranging from 20 
to 40 inches. 

One area just northeast of Oceanside contains less gravel than 
typical and has not been eroded very badly. This area is bein 
nsed for a variety of crops with irrigation. Areas occurring east o 
Ponto, east of Encinitas, east of Solana Beach, and east of Del Mar 
have a high gravel content and in general are of low agricultural 
value. They are covered with brush and have not been cleared or 
farmed in any way. Eroded spots occur that are variable in gravel 
content, depth, and other characteristics. 


TIERRA LOAM 


The surface soil of Tierra loam consists of a 4 to 12 inch layer 
of dark brownish-gray or dull brownish-gray loam or light clay 
loam, which contains much fine sandy material. The soil maternal 
is moderately friable when moist but becomes hard and baked when 
dry. The subsoil ranges from dull-brown compact clay loam to 
clay. It is wet and puddled after heavy rains and hard and dry 
during the dry season. At a depth ranging from 20 to 36 inches 
this layer rests on partly consolidated sandstone or old marine sedi- 
ments of finer texture, which may contain a quantity of alkali or 
saline salts, 

This soil is somewhat hard to handle, as it puddles readily and 
bakes hard on drying; but when it is handled properly, good crops 
of beans, hay, and grain may be obtained without irrigation. 

About 3,000 acres of Tierra loam occur in the Oceanside area. 
The two main areas are 3 miles northeast of Oceanside and Carls- 
bad, respectively, and a few small areas are in the vicinity of Rancho 
Santa Fe. They occupy old eroded marine terraces with flat tops 
and fairly steep slopes. 

More than 75 per cent of the land is used for pasture, and the 
rest is used for grain, grain hay, peas, and beans without irrigation. 
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LAS FLORES LOAMY FINE SAND 


The surface soil of Las Flores loamy fine sand consists of light- 
gray or light brownish-gray friable loamy fine sand which extends 
to a depth ranging from 4 to 12 inches, where it is abruptly under- 
lain by heavy compact waxy clay. The clay layer rests on gray 
sandstonelike material at a depth ranging from 12 to 80 inches. 
In a few spots, which are too small to map, the clay layer is absent, 
and the gray soil grades directly into the underlying gray consoli- 
dated sediments. Las Flores loamy fine sand has a low content of 
organic matter and is, in general, of low fertility. The water-hold- 
ing capacity of the surface soil is low, and the intractable character 
of the subsoil limits the penetration of roots and moisture. Con- 
siderable quantities of saline salts are present in the subsoil and sub- 
stratum in most places. 

Las Flores loamy fine sand occurs on eroded coastal-plain terraces, 
extending from a point east of Oceanside southward to a point east 
of Del Mar. The largest area, covering between 2,000 and 3,000 acres, 
is between Oceanside and Vista. Eighteen square miles of Las 
Flores loamy fine sand are ın the Oceanside area. 

Less than 10 per cent of Las Flores loamy fine sand is under 
cultivation, and the rest is covered by a growth of low brush, some 
of which has been cleared off and the land used for pasture. The 
stand of native grasses is poor in most places. Grain, grain hay, 
and general field crops are grown on the cultivated areas, and a few 
smooth areas near the coast are being used for peas and beans. 
Truck crops are grown with irrigation on a small acreage west 
of Vista. These crops are fertilized heavily, and care is used in 
irrigation. Only a few young avocado and citrus trees are planted 
on this soil. 

Las Flores loamy fine sand, eroded phase —The eroded phase of 
Las Flores loamy fine sand consists largely of eroded slopes with a 
few small areas of uneroded original soil material remaining. Areas 
of the eroded phase have a variable profile. The surface soil ranges 
from brown to gray in color, the subsoil may or may not have a 
clay layer, and the substratum is brown or gray sandstone which, 
when exposed to view by erosion, 1s the most noticeable character- 
istic of land of this phase. (PI. 1, B.) 

Small areas of soil material, most of which are gray, have been 
washed into depressions in the eroded territory, but they are too 
small to separate and show on the map. These areas, each only 
a few acres in extent, are used for general field crops without 
irrigation and for general truck crops where irrigation water is 
available. 

Probably 5 per cent of this eroded land is under cultivation, and 
the rest consists of low brush-covered eroded slopes. The areas of 
soil of the eroded phase occur from a point north of Olivenhain 
south to Soledad Canyon. One small area is 3 miles south of Buena. 


OLIVENHAIN LOAMY FINE SAND 


The surface soil of Olivenhain loamy fine sand is brown or light 
reddish-brown friable loamy fine sand or sandy loam, ranging from 
6 to 16 inches in depth. The subsoil differs from the surface soil 
in every respect, being dull-brown very compact waxy clay (pl. 2) 
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which may extend to a depth of 30 or more inches, where ıt rests 
on moderately consolidated sediments having the characteristics of 
soft sandstone or clay shale. The subsoil is comparatively imper- 
vious, and root development and moisture absorption are confined 
largely to the more pervious surface soil material. The orgame 
matter content is low in most places. The lower part of the subsoil 
and the moderately consolidated material underlying it usually 
contain alkali salts ın fairly large quantities. 

Olivenhain loamy fine sand is mapped in several 1rregular-shaped 
areas widely scattered over the coastal plain, Areas are east of 
Oceanside, east of Carlsbad, northeast of Ponto, 1 mile east of 
Leucadia, 2 miles north of Olivenhain, on the Rancho Santa Fe, 
east of San Dieguito Valley, and southwest of Vista. A total of 
12.9 square miles of this soil 15 mapped in the Oceanside area. 

Probably 50 per cent of the land lies within the confines of irri- 
gated districts where avocado and citrus trees have been set out 
recently. It 1s doubtful whether good results will be obtained 
from such plantings, as the stiff waxy clay subsoil restricts the 
downward movement of water and results ın a poor condition of 
drainage and soil aeration. Truck crops and flowers, to some extent, 
are grown on the irrigated areas. They are fertilized heavily, and 
care 1s used ın irrigation. 

Most of the soil occurs on flat or gently rolling areas. Care must 
be used in irmgating, as the subsoil takes water slowly and the 
variable depth of the surface soil causes one spot to become saturated, 
whereas another is not moistened to sufficient depth. 

Grain, grain hay, and, to a small extent, peas and beans are grown 
on the nonirrigated land, but approximately 50 per cent of such land 
is used for pasture. 

HANFORD FINE SANDY LOAM 


Hanford fine sandy loam typically consists of hght-brown, brown, 
or light grayish-brown medium or rather coarse-textured micaceous 
finé sandy loam which may vary little in texture to a depth of 6 feet 
or more, though the subsoil may be made up of strata of various 
textures. The surface soil and subsoil are friable and porous, so 
that plant roots and moisture readily penetrate to a great depth. 
The surface soil contains only a moderate amount of organic matter 
and is only fairly retentive of moisture. Crops often suffer from 
drought where irrigation is delayed or is not practiced. 

Hanford fine sandy loam is scattered in small valleys, on alluvial 
fans, and on flood plains of streams which occur over the eastern part 
of the area in the district of granitic rocks. Individually each of 
the areas is small, but collectively they amount to a rather large acre- 
age. On the steeper alluvial fans the soil is coarser in texture and 
not so dark as it is on stream bottoms where there is more moisture 
and natural vegetation. 

Hanford fine sandy loam as mapped in the canyon bottom south 
of Poway consists of gravelly sandy loam containing much cobbly 
material which represents outwash from the Poway Mesa. The 
subsoil is gravelly at a depth of 2 or 3 feet, and consequently this 
body of soil is of much lower value than typical Hanford fine sandy 
loam. Included spots are of sandy loam or fine sandy loam texture. 
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The uniform surface relief of areas of this soil as well as their 
location in valleys where underground water can be obtained for irri- 
gation makes the soil desirable for a large number of irrigated crops 
especially for alfalfa and general truck crops. A few walnut an 
deciduous fruit orchards are growing on it, but citrus fruits and 
avocados are not usually considered desirable, owing to the frost 
hazards in the lower valley lands. Good wells which furnish 
sufficient water to irrigate a large acreage have been obtained in the 
upper part of San Luis Rey Valley. Some difficulty is experienced 
in obtaining good flows in some of the smaller valleys where the flow 
of water through the gravel is insufficient. 

Much of the soil is subject to overflow in time of unusual freshets, 
when coarse material is deposited over the surface or erosion chan- 
nels are cut through the soil material. 

The agricultural value of this soil is largely governed by the water 
supply. As a general rule, the land produces poorly under dry- 
farming conditions but is highly Sra where water for irrigation 
can be obtained. 

TUJUNGA FINE SAND 


The surface soil of Tujunga fine sand consists of light-gray or 
light brownish-gray loose micaceous fine sand, with included areas 
of coarser texture. The material below the surface soil is of similar 
color but may be variable in texture. This soil represents very re- 
cently deposited material or material that is being deposited at the 
present time by unusual floods. It consists of particles of granitic 
rock that have not been deposited long enough to accumulate any 
organic matter. 

An area of this soil borders the present channel of San Luis Rey 
River, one occurs in San Dieguito Valley south of Rancho Santa Fe 
ai one along the channel of San Dieguito River in San Pasqual 

alley. 

TEE UWA fine sand is subject to wash and overflow, it has not 
been used for cultivated crops to any eztent. Brush and grasses 
have grown where moisture is received from percolating waters, and 
these grasses provide some pasture. A swali acreage of alfalfa is 
grown, but a large quantity of water is required to maintain its 
growth on this coarse-textured soil. 


FOSTER FINE SANDY LOAM 


The surface soil of Foster fine sandy loam is dull brownish-gray 
or dark grayish-brown highly micaceous friable fine sandy loam con- 
taining much lime. The soil material below the surface layer, to a 
depth of 6 feet, is of the same character as the surface soil, except 
that it is stratified and the texture ranges from sandy loam to loam. 
When moist the soil appears browner. It absorbs water readily 
holds it well, is easily tilled, and has a fairly high content of 
organic matter. 

The largest body of Foster fine sandy loam occurs in the San Luis 
Rey Valley northeast of Oceanside, phar areas are in San Dieguito 
and San Pasqual Valleys, and one body is in Moosa Canyon near 
Bonsall. 

Some areas of this soil are subject to poor drainage, as they occur 
on flat valley floors. Most of the poorly drained areas have a salt- 
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rass cover and an accumulation of alkali salts. Tests made at the 
Dower ends of San Pasquel and San Luis Rey Valleys showed an al- 
kali content, ranging from 0.4 to 1.5 per cent, to a depth of 4 feet. 
The alkali is largely sodium chloride, with a small amount of black 
alkali. These spots are not being farmed. The better-drained areas 
show a smali quantity of alkali, but they can be successfully farmed 
when the water table is kept at a safe depth below the surface. 

The better-drained areas of Foster fine sandy loam are considered 
highly desirable for alfalfa and truck crops. Water is obtained 
from wells in the San Luis Rey, San Dieguito, and San Pasqual 
Valleys, and, as the lift is low, water for irrigation is comparatively 
cheap. 

re aragus and other specialized truck crops grown on this soul in 
San Luis Rey Valley are shipped each year from Oceanside. Except 
for the poorly drained alkali areas, all the Foster fine sandy loam is 
under cultivation to truck crops. 


ALVISO LOAM 


Alviso loam includes soils which are mottled drab and dark brown- 
ish gray and are variable in texture, although loam probably pre- 
dominates. Much of the soil dries out to a gray color, owing to the 
high alkali content. The soil material below the surface layer ranges 
from loose silt loam to clay of dark brownish-gray color and highly 
mottled. Both the surface soil and subsoil layers are intermittently 
calcareous. 

Alviso loam occurs under conditions of very poor drainage on the 
floors of lagoons extending from areas of tidal marsh a few miles 
inland. Areas are located in all the lagoons south of Oceanside as 
far as the Soledad Lagoon at the southern end of the area. 

Areas of the soil not under water have a cover of pickleweed and 
salt grass. The areas that dry out during the summer expose a 
bare white surface having a heavy crust of saline salts. 

Alviso loam has no agricultural value except in a few places where 
some pasture is afforded by grasses that grow at the extreme upper 
part of the lagoons where the salt content is lower than elsewhere. 


LAGUNA LOAMY SAND 


Typically the surface soil of Laguna loamy sand consists of light- 
gray or light brownish-gray loamy sand which is somewhat variable 
in texture. The surface soil is browner and more mellow when 
moist, and it has a tendency to bake on drying. The subsoil consists 
of light-gray or light brownish-gray stratified material. 

This soil occurs on steep alluvial fans where soil material is being 
constantly added to that already in place. Small erosion channels 
occur on the fans after heavy rains. These very recently deposited 
soils are somewhat leachy and need to be built up by the incorpora- 
tion of organic matter. Areas at the upper end of the alluvial fans 
have subsoils heavier than typical, winch hold considerable moisture. 
As a whole, Laguna loamy sand is well drained, and some spots 
occur where moisture moves through the soil too rapidly. 

Almost 3 square miles of this soil occur in small scattered areas 
east of Cardiff, Solana Beach, and Del Mar. 
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Nearly all of this land is used for cultivated crops, especially 
beans, which are grown on more than 75 per cent of the total acreage. 
Pens, potatoes, and corn are grown to some extent and a few young 
walnut groves have been set out recently. A very small proportion 
of Laguna loamy sand is under irrigation at the present time. 


GREENFIELD SANDY LOAM 


Greenfield sandy loam consists of brown or light reddish-brown 
light-textured friable micaceous gritty sandy loam to a depth rang- 
ing from 6 to 14 inches. Below this layer the upper part of the sub- 
soil is slightly more compact but typically not much heavier in 
texture. The subsoil 1s micaceous and in most places is redder than 
the surface soil. This soil differs from Hanford fine sandy loam in 
having a subsoil that 1s more compact, redder, and heavier in texture 
than the surface soil, but the subsoil is not sufficiently compact to 
retard the penetration of roots or moisture to a great extent. The 
surface relief is smooth, and the land can be easily irrigated. 

Three areas occur near San Marcos that have a reddish-brown fine 
sandy loam surface soil which lacks the mica content of typical 
Greenfield sandy loam. The soil material in these bodies is derived 
from basic igneous rocks. It is associated with, and 1s outwash from, 
the hills occupied by the Las Posas and Escondido soils. 

Large cobbles and stones from 3 to 18 inches in diameter occur 
over the surface and throughout the soil mass in a few small areas 
east of Pala. These areas are on a high alluvial fan and have not 
been cultivated on account of their stoniness. They are indicated on 
the soil map by stone symbols, 

Greenfield sandy loam ıs scattered over the eastern half of the 
Oceanside area on high alluvial fans, valley floors, and in narrow 
valleys. More than 10 square miles are mapped The most extensive 
bodies are northeast of Fallbrook; east of Vista; 2 miles north, 3 
miles west, and 3 miles southeast of Escondido; east of Pala; and 
northwest of Poway. 

All crops grown in the eastern part of the area, away from the 
coast, are grown on this soil. Truck crops, alfalfa, and citrus fruits 
are grown with irrigation, and grain, walnuts, and grapes without 
irrigation. Some very good citrus groves are on the higher slopes of 
this sol north of Escondido. Manure and winter cover crops give 
good results in maintaining fertililty of the land. 

Greenfield sandy loam, calcareous-subsoil phase.—The surface soil 
of the calcareous-subsoil phase of Greenfield sandy loam ranges from 
coarse to fine textured highly micaceous sandy loam of light grayish- 
brown or dull grayish-brown color. The subsoil is brownish-gray or 
grayish-brown calcareous sand or sandy loam beginning at a depth 
ranging from 30 to 45 inches. This soil occupies the lower parts of 
alluvial fans that have evidently been poorly drained at one time. 
The water-holding capacity ranges from medium to low. In the 
drier and warmer parts of the area this soul must be irrigated for 
most crops. Its surface relief is favorable for easy irrigation. 

Where water 1s available from wells, land of this phase is used for 
alfalfa and truck crops on account of its favorable surface relief and 
depth. More than 75 per cent of this soil is cropped. 

odies of Greenfield sandy loam, calcareous-subsoil phase, occur in 
Moosa Canyon, in upper San Luis Rey Valley, in San Marcos Val- 
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ley, south of Olivenhain, in Poway Valley, and in Escondido Valley. 
All the areas in San Luis Rey Valley and in Moosa Canyon are under 
irrigation, the water being obtained from wells adjacent to the 
stream channels. Acre yields ranging from 5 to 9 tons of alfalfa 
and large yields of vegetables are obtained where the land is ferti- 
hzed and watered properly. 


BOTELLA LOAMY SAND 


The 10 to 15 inch surface soil of Botella loamy sand consists of 
dark brownish-gray or dull-gray friable loamy sand. The subsoil is 
of the same or of lighter-gray color, is slightly compact, and may be 
of slightly heavier texture than the surface soil. The compaction of 
the subsoil is not sufficient to hinder the penetration of roots or 
moisture. Included with this soil are small areas that have a rather 
large accumulation of clay in the subsoil. In typical Botella loamy 
sand more friable material is present below a depth ranging from 
30 to 50 inches. 

This soil absorbs moisture readily, is easy to till, has a moderate 
organic-matter content, and is well drained. It consists of outwash 
from the sandy coastal-plain terraces. 

Botella loamy sand occurs on steep alluvial fans and in the bottoms 
of small ravines a few miles back from the coast. The larger bodies 
are east of Ponto, Leucadia, Solana Beach, and Del Mar, and smaller 
ones are east of the coast farther north. 

Botella loamy sand is extensively cropped to beans, peas, corn, 
and grain, none of which are irrigated. Beans probably are grown 
on 80 per cent of the soil. A large variety of truck crops could be 
grown with irrigation. 

Botella loamy sand, brown phase—The brown phase of Botella 
loamy sand is differentiated from typical Botella loamy sand solely 
on the basis of its browner surface soil. 

One large area on which beans and potatoes are grown at the 
present time is 2 miles east of Leucadia. Other areas are in La 
Zanja Canyon, east of Cardiff, southeast of Solana Beach, and in 
the canyons southeast of Del Mar. 

Without irrigation, soil of this phase is used for beans, peas, 
potatoes, corn and general field crops. With irrigation, it could 
be used for a wide variety of crops. All land of the phase is now 
being tilled. 

BOTELLA SANDY CLAY LOAM 


Botella sandy clay loam is characterized by a dark brownish-gray 
or dull grayish-brown sandy clay loam or heavy loam surface soil 
which extends to a depth ranging from 8 to 20 inches, ‘The material 
is very dark and sticky when wet and dries out with a hard baked 
surface. The surface soil rests on a very dark brownish-gray mod- 
erately compact subsoil, of similar or shghtly heavier texture than 
the surface soil. This layer extends to a depth ranging from 30 to 
50 inches where it grades into lighter-gray or grayish-brown more 
friable stratified soil material. Internal drainage is somewhat 
restricted on the flatter parts of the soil owing to the heavy character 
of the soil matertal. 

Botella sandy clay loam is developed on outwash material from the 
coastal-plain terraces and occupies small canyons and valleys a few 
miles back from the seacoast. Almost 3 square miles of this soil 
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occur within the Oceanside area. Bodies lie along Loma Alta Cree 
in a number of draws east of Carlsbad and Ponto, and northeast o 
Oceanside. None of this soil is irrigated at present, although the 
surface relief is such that the land can be easily watered. 

All the land is under cultivation, mainly to beans, corn, and peas, 
and good yields are obtained. A few walnut groves have been set 
out and are doing well. 

Botella sandy clay loam, brown phase.—The brown phase of Bo- 
tella sandy clay loam consists of brown loam or sandy clay loam to 
a depth ranging from 8 to 16 inches. This layer is underlain by a 
lighter-brown compact clay loam subsoil containing some gravel, and 
this layer, in turn, rests on more friable soil material at a depth 
ranging from 36 to 60 inches. This soil would have been classified 
in a separate series had it been more extensive. 

This brown soil occurs in two areas—in McGonigle Canyon 4 miles 
east of Del Mar and in Los Penasquitos Canyon 6 miles east of Del 
Mar. It occupies the flat floors of the canyons and the gentle side 
slopes and could be easily irrigated if water were available. All 
land of this phase is under cultivation to grain and beans, and good 
vields are obtained. 

SAN MARCOS FINE SANDY LOAM 


The 12 to 16 inch surface soil of San Marcos fine sandy loam is 
dark brownish-gray micaceous fine sandy loam. The subsoil is 
similar to the surface soil in color but is of slightly heavier texture, 
slightly compact, highly calcareous, mottled, and poorly drained. 
Alkali accumulations occur on most of the more poorly drained 
spots which have a salt-grass cover. The surface relief is flat, and 
the land is subject to overflow. 

Two bodies mapped as San Marcos fine sandy loam, one in Poway 
Valley and the other 1 mile south of San Marcos, are dark gray in 
color and loam in texture, but otherwise they have the same charac- 
teristics as the typical soil. Both contain small quantities of alkali 
but are considered desirable for truck crops and alfalfa. The area 
near San Marcos has been tile drained and is now in alfalfa. Irri- 
gation water is obtained from wells. 

Other areas of this soil are northeast of Escondido, 6 miles south- 
east of Fallbrook on the Monserate ranch, along Buena Vista Creek, 
along Agua Hedionda Creek 4 miles southeast of Carlsbad, and 
4 miles east of Ponto. 

Alkali and poor drainage are the limiting factors in the utilization 
of this soil, and for this reason no fruit trees are grown. Alfalfa, 
truck crops, corn, and grain give good yields on the areas that have 
been drained or contain less alkali than normal, and more of the soil 
can be utilized when drainage conditions are improved. 


SAN MARCOS LOAMY FINE SAND 


Typically the surface soil of San Marcos loamy fine sand is dark 
brownish-gray or dull grayish-brown highly micaceous friable loam; 
fine sand. The soil material in this layer is very smooth and slic 
and has a silvery gloss, owing to the high mica content. The upper 
subsoil layer, extending to a depth ranging from 18 to 30 inches, is 
slightly compact and a little heavier in texture than the surface soil, 
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and the lower subsoil layer, extending to a depth of more than 72 
inches, is dark brownish-gray or dark-gray calcareous very fine sandy 
loam, somewhat mottled with iron stains. During the rainy season 
the water table is usually from 3 to 5 feet below the surface, and the 
land is subject to overflow during heavy storms. 

This soil is easy to cultivate and irrigate, but agriculture is limited 
by the accumulation of alkali in spots, the prevalence of a high water 
table, and the danger of overflow. One area covering about 2 square 
miles occurs at the lower end of San Dieguito Valley. Some of this 
area is being cultivated, and no doubt more land will be brought 
under cultivation in time. Truck and general field crops are grown 
on the cultivated spots with good results. 


SALINAS CLAY LOAM 


Where typically developed, the surface soil of Salinas clay loam 
consists of dull grayish-brown or dull brownish-gray clay loam of 
somewhat sandy texture. It is underlain by an upper subsoil layer, 
extending to a depth ranging from 30 to 48 inches, that is of similar, 
or slightly lighter, color ani slightly more compact than the surface 
soil. This layer is underlain by a somewhat lighter brownish-gray 
lower subsoil layer consisting of calcareous clay loam or clay, and 
extending to a depth of more than 6 feet. The soil material of 
Salinas clay loam is of mixed origin. 

Salinas clay loam occupies small valleys in the coastal-plain region 
and is one of the best dry-land bean soils of the area, owing to its 
high moisture-holding capacity, general fertility, and depth. 

Three small bodies of dark-gray clay are included with this soil as 
mapped, These bodies are similar to the typical soil, except in color 
and their heavier texture. They occur 315 miles east of Oceanside, 
214 miles northeast of San Luis Rey Mission, and one-half mile north 
of Escondido, respectively. The surface soil in these areas is some- 
what harder to till because of its heavier texture. 

Two small bodies having a dark-gray calcareous clay surface soil 
and a dark-gray calcareous subsoil were mapped—one, one-fourth 
mile south of San Luis Rey Mission and the other 4 miles east of 
the mission. The area south of the mission has a water table close 
to the surface and has not been used for crops, but the other area 
is highly prized for vegetables and general crops. 

Typical areas of Salinas clay loam occupy small valleys a few miles 
east of Oceanside, Carlsbad, and Ponto. Acre yields of 10 sacks of 
Lima beans have been obtained in seasons of sufficient rainfall. 


RAMONA SANDY LOAM 


The surface soil of Ramona sandy loam is brown friable sandy 
loam of rather fine texture. Ata depth ranging from 12 to 20 inches 
this material rests on reddish-brown moderately compact clay loam 
or sandy clay loam. Below, this and extending to a depth ranging 
from 40 to 60 inches, is dull reddish-brown compact sandy clay loam. 
The soil material below this layer is loose, of variable texture, and 
brown or yellowish brown in color. All layers contain soil material 
of granitic origin. This soil occurs on flat or gently sloping terraces 
scattered over the granitic back oun and is well drained and easy 
to irrigate. Where water is available for irrigation this is considered 
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a highly desirable soil for a wide range of crops, including citrus 
fruits in frost-free locations. In the Escondido district, grapes are 
grown on the lower slopes and citrus fruits on the warmer spots, 

In the western part of Poway Valley and in Green Valley bodies 
of this soil occur that differ from the typical soil in that they are 
underlain at a depth ranging from 2 to 5 feet below the surface by 
granitic bedrock or a gravelly cemented substratum. Had these areas 
been more extensive they would have been mapped as a shallow phase 
of Ramona sandy loam. They are used for growing grain, grain hay, 
and grapes, but with irrigation a wider variety of crops could be 
grown. 

Ramona sandy loam is most extensively developed in Escondido 
and Poway Valleys, and a large number of small areas are south and 
east of Bonsall and east of Fallbrook. Nearly all of this soil is 
farmed, as it is a highly desirable soil for a wide range of crops with 
irrigation. The moisture-holding capacity of the soil and the organic 
content can be increased by turning under organic manures and 
plant residues. 

Ramona sandy loam, stony phase—The stony phase of Ramona 
sandy loam has the same soil characteristics as typical Ramona sandy 
loam and in addition has a quantity of granite stones, ranging from 
4 inches to 2 feet in diameter, scattered over the surface and through 
the soil mass to some extent. Three bodies of the phase occur in 
the Oceanside area—one in the western part of Poway Valley and 
the other two on the stony alluvial fan 2 miles east of Pala. They are 
covered by low desert brush and are used only for pasture, If cleared 
of surface stone, land of the phase would have the same agricultural 
possibilities as typical Ramona sandy loam, 


MERRIAM SANDY LOAM 


The 8 to 16 inch surface soil of Merriam sandy loam consists of 
brown or reddish-brown friable sandy loam of rather fine texture 
but containing much coarse sharp gritty sandy particles. It is 
abruptly underlain by dark brownish-red very compact sandy clay 
or clay, which breaks into medium-sized cubes when dry. The upper 
subsoil layer limits the penetration of roots and moisture. Between 
depths of 28 and 40 inches, in the lower part of the heavy clay, ac- 
cumulated lime occurs ın nodular form or as small light-colored 
specks and veins. At a depth ranging from 36 to 50 inches this 
layer rests on dark-brown moderately compact loam or sandy loam 
which is of lower lime content or noncaleareous. The surface soi 
is friable, except where it is allowed to dry when not cultivated. 
Normally the subsoil holds up water after heavy rains so that the 
surface soil is water-logged. This condition is especially evident in 
some of the flatter areas where the surface has a “ hog-wallow ” 
relief, consisting of small mounds and depressions In the depres- 
sions the heavy subsoil is close to the surface. 

Merriam sandy loam occurs in numerous bodies throughout the 
eastern mountainous parts of the area, mostly along valley margins 
or in intermountain basins. The largest bodies occupy fairly exten- 
sive areas in Escondido, Green, San Pasqual, and San Marcos Val- 
leys, where the land is being used for grapes, hay, and grain. Some 
of. it is under irrigation. Other areas occur south of Morro Hill, 
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east of Vista, on slopes bordering San Luis Rey River, and in scat- 
tered patches east of Fallbrook. 

The utilization of this soil is governed largely by the character of 
the subsoil, and care must be used ın irrigating, owing to this factor. 
Muscat grapes probably comprise the most im portant crop on Mer- 
riam sandy loam. They are grown largely without irrigation in the 
Escondido district. 

MERRIAM FINE SANDY LOAM 


Merriam fine sandy loam has a surface soil, ranging from 8 to 
16 inches in depth, consisting of brown or light reddish-brown fine 
sandy loam which is friable when moist but bakes hard on drying 
when not cultivated. The surface soil rests on very compact dull 
reddish-brown clay that extends to a depth ranging from 40 to 
60 inches. A nodular concentration of lime occurs in the lower 
part of the clay layer. The soil material below the clay layer is 
lighter in texture, although fairly dense. 

This soil occurs on old alluvial fans north of San Marcos and 
east of Buena, where it is associated with the Escondido and Las 
Posas soils and is largely of basic igneous-rock origin, although some- 
what mixed. Bodies also occur along the border of San Dieguito 
Valley, on smooth terraces along San Elijo Lagoon, and small bodies 
are scattered over the area. 

About 44% square miles of Merriam fine sandy loam are mapped 
in the area surveyed. The part within the Vista irrigation district 
is being planted to a variety of irrigated crops. Most of the unirri- 
gated land is used for grain, grain hay, and grapes. Beans and 
other field crops are grown in years of high rainfall. 

Merriam fine sandy loam, clay phase—The clay phase of Mer- 
riam fine sandy loam has a surface soil consisting of rich reddish- 
brown clay, and the subsoil is similar to that of typical Merriam 
fine sandy loam. This soil is not extensive, only small scattered 
bodies occurring on gentle slopes at the foot of hills. A fairl 
wide variety of crops is grown where the soil 1s irrigated, althoug 
the land is hard to handle, owing to its heavy texture and stickiness. 

One body of the clay phase which is in reality a clay loam, occurs 
1 mile north of Richland. This body is planted to grapes at the 
present time. 

HUERHUERO FINE SANDY LOAM 


Huerhuero fine sandy loam is characterized by a light brownish- 
gray or dull brownish-gray fine sandy loam surface soil, ranging in 

epth from 8 to 16 inches. The subsoil is dull grayish-brown com- 
pact sandy clay or sandy clay loam, the lower part of which in 
many places is lighter textured and calcareous, the lime carbonate 
occurring as seams and soft nodules. The calcareous zone ranges 
from yellowish brown to gray in color and extends to a depth 
ranging from 48 to 60 inches. ‘The soil material below the calcareous 
zone consists of yellow or gray stratified sediments. 

This soil is low in organic matter and, in most places, low in 
fertility which can be built up by the incorporation of organic 
manures and plant residues. When loose the surface soil absorbs 
moisture readily, but the subsoil retards the penetration of moisture. 
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One body of this soil 24% miles southeast of Carlsbad along Agua 
Hedionda Creek has a surface soil of clay loam. This body 1s used 
for grain, and fair to low Ja are obtained. In years of sufficient 
rainfall, beans are planted. 

Most of the Huerhuero fine sandy loam occurs on flat-topped or 
gently sloping marine terraces along the edges of the lagoons and 
stream valleys, which extend back from the sea. Higher terraces 
of this soil are northwest of Vista and south of Buena. 

Because of its favorable position, most of the land has at one time 
been farmed, although poor yields have been obtained. At present 
more than 90 per cent of the land is not under cultivation, although 
most of it would be planted to grain or beans ın a favorable year of 
high prices and peed: rains. 


REDDING GRAVELLY SANDY LOAM 


Redding gravelly sandy loam has a 6 to 14 inch surface soil con- 
sisting typically of light brownish-red or pronounced reddish-brown 
gravelly sandy loam, but it includes, as mapped, extensive areas in 
which both surface soil and subsoil materials contain large quantities 
of large waterworn stones. The stony areas are indicated on the 
soil map by stone symbols, 

In areas in which the larger stones are lacking, the quantity of 
gravel varies, although in most plas it comprises more than 25 per 
cent of the soil mass. The gravel are rounded and range in size from 
small gravel to cobbles 3 or 4 inches in diameter, in most areas bein 
of such size and quantity that the soil can not be easily cultivated. 
The subsoil is very compact reddish-brown sandy clay that does not 
contain quite so many cobbles as the surface soil. This layer rests, 
at a depth ranging from 14 to 30 inches, on a layer of pale brownish- 
red or reddish-brown cobbly hardpan. (PI. 3, A.) The hardpan 
may be several feet thick and is, in turn, underlain by a bed of com- 
pact and more or less cemented gravel and cobbles. 

In the stony areas more than 50 per cent of the soil mass consists of 
rounded stones of mixed geologic origin, ranging in size from 2 to 8 
inches in diameter. It is impossible to till this soil until the stones 
have been removed from the surface. The subsoil is dark chocolate- 
brown compact gravelly stony clay which is extremely tight and 
cheesy and ranges from 8 to 16 inches in thickness. Below this, and 
extending to a great depth, is 2 mass of compact cemented gravel 
and cobbles. 

Two included areas, one occurring 3 miles east of Olivenhain and 
the other 4 miles southwest of San arcos, differ from typical Red- 
ding gravelly sandy loam in that they have no accumulation of 
red clay in the subsoil. Both bodies have a gravelly substratum com- 

osed of angular rock fragments. They have received some wash 

om the adjacent hills and the soil is deeper and somewhat browner 
than typical. It is a better soil than typical Redding gravelly sandy 
loam and is being used for dry-tarmed grain hay. 

A number of stony areas along the south edge and at the west end 
of Poway Valley also differ from the typical soil, being dark gray 
in color and of clay loam or clay texture. They occur on lower 
slopes where there is seepage. This darker-colored soil contains less 
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stone, has a good grass cover, and is a much better soil agriculturally 
than typical Redding gravelly sandy loam. i 

The most extensive occurrence of the less stony areas of Lea 

ravelly sandy loam is on the broad mesa 7 miles southeast of Del 

ar. Isolated areas, remnants of the same flat-topped mesa, occur 
2 or 3 miles north of the main area. The large area on the Miramar 
Mesa extends out of the Oceanside area southward toward San 
Diego, where it is more extensive. One area near the southern 
boundary of the area surveyed, about three-fourths of a square mile 
in extent, has a brownish-gray surface soil. In the stony areas, which 
occur on high eroded mesas northeast, east, and southeast of Black 
Mountain, little is left of the original surface soil except long 
narrow ridges which occur at an elevation ranging from 800 to 
1,000 feet above sea level. Most of the associated eroded slopes 
have been mapped as rough broken land. 

The Miramar Mesa is cut by a number of intrenched canyons and 
ravines. Here very little erosion is taking place on the surface, as 
most of the land is at the heads of the ravines, The surface is 
covered by “hog-wallow,” mounds and depressions in which the 
rainfall is caught and retained by the impervious substratum. This 
results in a boggy condition of the surface soil during the rainy 
season. 

This soil has a thick cover of chamiso. (P1. 3, B.) Attempts have 
been made to farm spots of this soil, but with very little success. 
Hay and grain have been grown on a small acreage where the soil 
contains less gravel and stone and is deeper than typical, but the 
yields were light. Certain shallow-rooted crops could probably be 

‘own if water for irrigation were available and care used in apply- 
ing it, but there is little or no water supply and the surface relief 
is, in general, unfavorable for irrigation. Little of the soil is in use 
at present except as pasture 


MONSERATE SANDY LOAM 


The surface soil of Monserate sandy loam is brown sandy loam, 
ranging in depth from 8 to 16 inches. The plowed surface soil in 
many places presents the appearance of a redder and heavier-tex- 
tured soil, because the subsoil is turned up in the shallower spots. 
The surface soil is also heavier in spots where erosion has taken 
place. The upper subsoil layer, extending to 2 depth ranging from 
24 to 40 inches, is very compact chocolate-brown sandy clay. Be- 
low this is a layer of brown sandy clay, mottled with nodules and 
spots of lime. This layer rests directly on a reddish-brown iron 
and silica cemented hardpan that contains lime seams and coatings. 
The hardpan is variable in depth and thickness, and not everywhere 
continuous. It is underlain by grayish-brown sandy loam, or other 
variably textured sediments which typically are noncalcareous, but 
which include seams of lime accumulation in the extreme southern 
part of the Oceanside area and extending into the El Cajon area 
on the south. 

Monserate sandy loam occurs on gently sloping terraces, where 
surface drainage is good but subdrainage is restricted by the heavy 
clay layer and the hardpan. These same factors restrict the growth 
of deep-rooted crops. 
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The larger areas of Monserate sandy loam occupy terraces on the 
Monserate grant northeast of Bonsall. Three small areas occur 
southeast of San Marcos and one small body is on the southern bound- 
ary of the area. Most of this soil has been used for pasture. 

ere water has been pumped on the Monserate ranch, truck crops 
are growing, but yields are much lower than those obtained on the 
deeper soils of the valley floor. 


ROUGH STONY LAND 


po stony land consists of stony areas of steep and stony sur- 
face relief covering nearly 25 per cent of the Oceanside area. This 
land is typically nonagricultural, owing to its rough mountainous 
relief and its stony character. In most places stones ranging from 
2 to 10 feet in diameter are scattered over the surface, either as loose 
stones or as rock outcrops. 

The largest areas of rough stony land are east of Fallbrook. 
throughout the Merriam Mountains, around Mount Whitney and 
Black Mountain, and east of Escondido. Most of the soil material 
between the rocks is a granitic sandy loam of the Vista or Fallbrook 
series. 

Little pasturage is obtained on this land, as the stones are numer- 
ous and the growth of grasses is restricted. Part of the rough stony 
land supports a brush growth. 


ROUGH BROKEN LAND 


Rough broken land includes areas that are nonagricultural be- 
cause of their steep, broken, or eroded surfaces. In the Oceanside 
area, rough broken land is largely confined to the steep broken 
slopes descending from the mesas of the coastal plain. Unlike rough 
stony land the surfaces and slopes are typically fairly free of stone. 
It also includes the slopes of the deeply intrenched valleys of the 
streams flowing down from the mountains. Rough broken land in 
this area includes a wide range of soil material, from the eroded 
subsoil of the Las Flores soils to the red gravelly soils of the Red- 
ding series. South of Poway Valley, rough broken land contains 
rounded cobbles on the surface. The area occupied by rough broken 
land is excessively drained and subject to erosion. 

Brush and grass grow on slopes where there is soil, and these 
areas are used for pasture. Rough broken land is much less exten- 
sive than rough stony land. 


TIDAL MARSH 


Tidal marsh in the Oceanside area consists of low-lying areas, 
traversed by tidal sloughs, which are periodically covered with salt 
or brackish waters. At the mouths of the larger streams the soil 
material is sandy, but the material in the flatter lagoons, such as 
Batiquitos Lagoon and Agua Hedionda Creek, is sticky clay. 

Areas of tidal marsh occur at the lower ends of Batiquitos Lagoon, 
Agua Hedionda Creek, Buena Vista Creek, Loma Alta Creek, and 
San Luis Rey Valley. Most of the areas are separated from the 
sea by a strip of coastal beach and dune sand, and they would be 
expensive to reclaim, owing to the danger of overflow by drainage 
from the back country, as well as the expense of putting in tidal 
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gates and the construction of levees. Tidal marsh has no value for 
agriculture until diked and drained. 


RIVER WASH 


River wash of the Oceanside area comprises the sandy material 
in the beds of the present channels of rivers and streams or in chan- 
nels which have been abandoned by the streams only within recent 
years. The material ranges in texture from fine sand to coarse 
gravel, has a very low organic content, and supports a growth of 
brush and willows where the sand is finer textured and where suffi- 
cient water from the channel percolates through the sands. 

Bodies of this material occur along San Luis Rey River, in Moosa 
Canyon, along San Dieguito River above Hodges Reservoir, in San 
Dieguito Valley south of Rancho Santa Fe, and along Los Penas- 
quitos Creek. River wash is of unfavorable texture and is subject 
to overflow during flood periods. A few areas are used for pas- 
ture, but most of the land is of no agricultural importance. 


COASTAL BEACH AND DUNE SAND 


Coastal beach and dune sand includes areas of materials differing 
somewhat in surface relief but having similar soil material. Coastal- 
beach areas occur as a narrow marine beach margin along the ocean 
front, and dune-sand areas usually adjoin the beach as a parallel 
zone of wind-blown sand swept in from the beach. The soil 
material of dune sand is light grayish-brown or brownish-gray 
uniform sand more than 6 feet deep. Both classes of material are 
very low in organic matter and of low water-holding capacity. 
Most of the more extensive areas of dune sand are at the mouths 
of the various lagoons where the sand acts as a barrier. This sandy 
material extends along the entire coast line, but in places the areas 
are too narrow to show on the map. The land is nonagricultural. 


IRRIGATION 


The mission fathers early realized the need for supplementing 

the rainfall of the region by the artificial application of water. 
One of the early reports of the San Luis Rey Mission, in 1822, stated 
that crops had been poor for many years, owing to the lack of rain, 
so ditches were constructed at San Luis Rey and Pala to bring 
water for the oot in the vicinity of the missions. 
_ Pumping has been carried on in San Luis Rey Valley for the 
irrigation of alfalfa and general field and truck crops for a long 
time. Centrifugal and deep-well turbine pumps are used for lifting 
water from the water-bearing gravel below the bed of the river. 
These extend down the river from Pala to Oceanside. 

The Escondido armgeuion district was organized in 1889 to obtain 
water for Escondido Valley. This was taken over in 1905 by the 
Escondido Mutual Water Co. which serves water at the present 
time to lands in the valley. Water has been provided from Hen- 
shaw Reservoir for about 3,200 acres of land that are suitable for 
irrigation. Water costs from $17.25 to $24.50 an acre-foot, depend- 
ing on the kind of water stock held. For the irrigation of citrus 
orchards in this district, the yearly water costs run from $30 to $36 
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an acre. About 2,500 acres of citrus orchards are under the system 
of the Escondido Mutual Water Co. 

Land in the Fallbrook territory is included in an irrigation dis- 
trict, but as yet water has not been obtained, Citrus fruits in this 
district are now watered from wells in the ravines. The acreage 
kanani by these wells is small, as each well covers only a few acres 
of land. 

The development of water for land on the coastal plain of the 
area was the impetus that started urban development, avocado 
culture, and flower and truck crop culture, as they exist to-day, The 
Oceanside Mutual Water Co. was organized in 1914. It obtains 
water from deep wells in San Luis Rey Valley and distributes the 
water over the district south of Oceanside and Carlsbad as far as 
Agua Hedionda Creek. About 1,500 acres are being watered by this 
system, including approximately 400 acres devoted to young avocados 
and the rest to mixed truck crops and flowers. The company reports 
a duty of 1.5 acre-feet to the acre, at a yearly cost of approximately 
$30 an acre. All young orchards are intercropped with truck crops 
the year round, 

Land in the vicinity of Vista is served by the Vista irrigation 
district. Water was obtained from Henshaw Dam in 1926, and the 
cost is $17.50 an acre-foot annually, plus interest charges on the bonds 
which amount to $8 an acre, and the charge for operation and main- 
tenance of the system amounts to $4 an acre. 

The Rancho Santa Fe and the San Dieguito irrigation districts 
serve the coast territory between San Elijo Lagoon and San Dieguito 
Valley and back of Solana Beach to a point about 1 mile east of 
Rancho Santa Fe. The land in both districts is bonded for the 
construction cost. Water is purchased from the city of San Diego 
and conveyed from Hodges Reservoir to the lands. to be irrigated. 
Each acre in the districts has a water right of 1 acre-foot a year. 
Citrus orchards predominate in the Rancho Santa Fe district, and 
avocados and flowers are grown most extensively along the coast. 
Water costs between $20 and $30 an acre per annum, including all 
charges. About 3,500 acres are under irrigation in the two districts. 
Water was first delivered late in 1928. 

Deep wells in San Dieguito Valley pump water for land in the 
valley and for citrus orchards on the hills east of the valley. 
Alfalfa is irrigated'in San Pasqual Valley with water from deep-well 


umps. 
- Alfalfa is irrigated by means of running the water down the slope 
between two borders or levees. For orchards and row crops, the 
furrow system is used. A rather large acreage of avocados, citrus 
fruits, flowers, and other crops is being irrigated by means of over- 
head sprinkling systems. This system applies the water uniformly, 
no furrows are needed, and the labor cost is small, once the system is 
installed. The initial cost of installing such a system is high, yet the 
overhead sprinkling system is well adapted to the sandy soils along 
the coast and affords efficient irrigation. 


SOILS AND THEIR INTERPRETATION 


The Oceanside area is located in the Pacific coast soil region of 
southern California. The soils range in color from light gray to 
brown and black, but the predominant color is brown. 
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A, Profile of Redding gravelly sandy loam, showing cemented hardpan substraturn with embedded 
gravel and cobbles, B, typical chamiso brush vegetation on Redding gravelly sandy loam 
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Detailed descriptions of the soils identified in the area, arranged 
according to the maturity of the profile and the kind of rock from 
which the material was derived, serving as a scientific record of the 
investigations carried out in the area, given without reference to 
the agricultural or other economic value of the soils, are contained in 
the following pages. 


SOILS DEVELOPED ON NONCALCAREOUS BEDROCK 


The soils in this group are underlain at a depth of less than 6 
feet by hard bedrock composed of granite, diorite, schist, and quartz- 
ite. They occur in the rolling or mountainous district back from 
the coastal plain in a region receiving from 14 to 20 inches of annual 
rainfall, where a fairly good growth of native grass springs up in 
the winter but soon dries in the early summer. Associated with this 
group at elevations ranging from 500 to 2,000 feet above sea level 
are large mountainous areas of rough stony land. Soils included 
in the group are members of the Vista, Fallbrook, Las Posas, 
Konokti, Escondido, and Carlsbad series. Physiographically, the 
soils of the Carlsbad series occur on the coastal plain, but they are 
placed in this group of soils on the basis of their profile character- 
istics. 

The Vista, Fallbrook, Las Posas, and Konokti soils all have a 
more or less definite B horizon of accumulated clay developed above 
the bedrock. This heavy horizon does not occur in the soils of the 
Escondido series, in which the surface soils extend to the shattered 
bedrock with no visible compaction, clay accumulation, or struc- 
tural differences. 

A typical development of Las Posas stony fine sandy loam has 
a surface layer, extending to a depth ranging from 2 to 4 inches, 
of dark brownish-red friable stony fine sandy loam soil of granular 
structure and heavily impregnated with roots and organic matter. 
This layer has a ae value ranging from 6.3 to 6.6. The soil mate- 
rial between depths of 4 and 16 inches is red or dark-red slightly 
compact stony fine sandy loam or loam full of root cavities. The 
material in this layer breaks up into a coarse granular or clodd 
structure. The pH valie of this layer averages about 7. The B, 
layer, extending between depths of 16 and 26 inches below the sur- 
face, is plastic and compacted stony fine sandy loam or loam which 
breaks up into a cloddy structure, and which shows a rather large 
number of root cavities. This layer has a pH value ranging from 
7.02 to 7.12. Shattered bedrock occurs at a depth of 26 inches. 

Determinations of the pH values of Fallbrook fine sandy loam 
give about the same results as those obtained for the Las Posas 
soil. A typical area of Fallbrook fine sandy loam shows the fol- 
lowing profile: 

From 0 to 10 inches, light brownish-red or dill brownish-red friable fine 
sandy loam having a pH value ranging from 6.6 to 7, micaceous, and 
full of root and worm cavities. 

From 10 to 24 inches, dull-red or red slightly compact fine sandy loam 
or loam, breaking up into medium-granular or cloddy structure, full 
of root and worm cavities, having much dark staining on the surfaces 
of the broken fragments, and having a pH value ranging from 7 to 


Tan Fine-textured granitic rock fragments oceur at a depth of 24 
nenes 


34 BUREAU OF OHEMISTRY AND SOILS, 1929 


_ The Carlsbad soils are different from the other soils in this group 
in many respects. A typical area of Carlsbad loamy fine sand shows 
the following profile: 

From 0 to 12 inches, pale reddish-brown or light grayish-brown friable 
loamy fine sand, in which iron pellets ranging from one-eighth to one- 
fourth inch in diameter occur throughout the soil mass. Roots are 
well distributed in this horizon. 

From 12 to 30 inches, brown or reddish-brown ‘moderately compact loamy 
sand, containing very few root cavities. The material is mottled gray 
and brown in the lower part of the horizon. Iron pellets occur through- 
out the entire horizon. 

From 30 to 50 inches, the pale brownish-red partly consolidated substratum 
of sandstone. 

The Carlsbad soils occur on the tops of sandy sea terraces, at an 
elevation ranging from 200 to 800 feet above sea level, at a distance 
ranging from 1 to 3 miles back from the shore line. The slopes and 
edges of these terraces have been eroded, exposing the C horizon 
which resembles hardpan in many respects. 


SOILS DEVELOPED ON CALCAREOUS OR INTERMITTENTLY CALCAREOUS BEDROCK 


The soils in this group are underlain at a depth ranging from 2 to 
4 feet by consolidated material that is intermittently calcareous in 
the soils of the Altamont series and highly calcareous in the Diablo, 
Ayar, and Linne soils. 

The surface soils of members of the Ayar and Linne series are 
calcareous and the surface soils of members of the Diablo and Alta- 
mont series are noncalcareous. The bedrock, or C horizon, under- 
lying the Diablo, Ayar, and Linne soils is highly calcareous sedi- 
mentary shale or limestone. The Ayar and Altamont soils are brown, 
whereas the Diablo and Linne soils are dark gray or nearly black. 

Soils of this subgroup occur on high benches and slopes of the 
coastal plain at an elevation ranging from 200 to 500 feet above sea 
level. The soils are intermediate in position between the soils of the 
coastal plain and the soils of the mountainous districts. 


SOILS DEVELOPED ON PARTLY CONSOLIDATED MARINE SEDIMENTS 


In this group are included those soils having heavy waxy clay 
subsoils (B horizons) and partly consolidated substrata (C hori- 
zons). They are developed on the coastal-plain physiographic divi- 
sion of the area, from 1 to 8 miles back from the shore line, at an 
elevation ranging from 50 to 500 feet above sea level, on badly eroded 
sea terraces that have undergone uplift and depression, accompanied 
by erosion and deposition, since being laid down by water. These 
badly eroded terraces slope westward from the highlands to the 
sandy area along the coast. Included in this subgroup are the 
members of the Tierra series with dull brownish-gray surface soils, 
the members of the Las Flores series with light-gray surface soils, and 
the members of the Olivenhain series with brown surface soils. They 
occur under a rainfall ranging from 8 to 14 inches. 

Aside from the color of the surface soil, the profiles of the soils of 
these three series are very similar. A detailed description of Oliven- 
hain loamy fine sand is given as representative of the subgroup, 
and differences from the other two soils are pointed out. 
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From 0 to 9 inches, brown or light pinkish-brown friable loamy fine sand 
that is slightly granular although it is easily broken into a powdery 
mass. The soil becomes redder when moist. This horizon is well 
filled with roots which extend down to, and mat themselves over the 
top of, the heavy clay horizon. A thin layer of Nght-gray fine sandy 
loam rests on top of the horizon below. 

From 9 to 27 inches, dark-brown or dark reddish-brown very compact waxy 
clay that breaks up to a columnar structure when dry. The tops of 
the columns are slightly rounded, and the columns are from 1 to 2 
inches in diameter and from 4 to 7 inches in length. The line between 
this and the horizon above is very abrupt and sharp. The lower part 
of this horizon breaks to a cubical structure and is a little lighter 
colored. Qolloidal coating occurs on the outsides of the soil fragments 
when they are broken but not throughout the soil mass when broken 
across the cleavage lines. When powdered into a fine mass the color 
appears lighter. Roots extend along the cracks. Alkali tests show & 
sodium-chloride content ranging from 20 to 100 parts per million in 
this horizon. 

Below 27 inches, moderately consolidated sediments, ranging from brown 
or gray to yellow in color and of variable texture. Alkali determina- 
tions, made by means of the Wheatstone bridge, show approximately 
0.2 per cent of alkali in the substratum, 


Both the Las Flores and Tierra soils show the same structural 
properties as those occurring in the Olivenhain soils, The heavy clay 
horizon in the Las Flores and Tierra soils is duller in color than 
that of the Olivenhain soil and contains more dy material. The 
subdrainage of these three soils is restricted by the compact clay 

orizon. 


BOILS DEVELOPED ON UNCONSOLIDATED MATERIALS WITH PROFILES SHOWING 
NO WEATHERING 


Included in this group are those soils that are so young that they 
lack any structural development or horizons of compaction. They 
include recent soil material built up so fast that it has not been 
altered by weathering. 

These soils occur in the stream valleys and on the alluvial fans and 
flood plains scattered over the area and are either in the process of 
being deposited or have been recently deposited. In the Tujunga 
soils the soil material is still in the process of being deposited, 
whereas in the related Hanford soils the soil material has been 
deposited long enough for humus to accumulate in the surface soil 
but not long enough for the downward migration of clay to take 

lace under these climatic conditions. Both the Tujunga and Han- 
ord soils are highly micaceous, the soil material being largely from 
granitic sources. The soils of the Foster series occur in the flatter, 
more poorly drained valleys where the water table is high. They are 
calcareous, as well as highly micaceous. The soils of the Laguna 
series are made up of recently deposited light-gray or light brownish- 
gray soil material. The surface soil material of the members of the 
viso series is dark brownish gray, in many places is calcareous, and 
contains a large quantity of salts. The subsoil material is highly 
mottled, owing to poor drainage conditions. 


SOILS DEVELOPED ON UNCONSOLIDATED MATERIALS WITH YO 
MODERATELY DEVELOPED PROFILES Kaa 


Included in this group are the soils having some compaction and a 
slight accumulation of clay or lime in the subsoils. ey Tepresent 
a stage in soil weathering intermediate between soils of the recent and. 
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immature groups. The Greenfield, Elkhorn, and Botella soils are 
noncalcareous, and the soils of the San Marcos and Salinas series 
have calcareous subsoils. 

The Greenfield soils represent a stage in weathering between the 
Hanford and Ramona soils, The subsoils of these soils are slightly 
more compact and richer in color than the surface soils and have 
acquired a small amount of accumulated clay. The soils of all three 
series contain a large amount of granitic material in their profiles. 
The Greenfield soils occupy a very similar topographic position to 
the Hanford soils, on sloping alluvial fans. 

The Botella soils are darker colored than the Gieenfield soils and 
are made up of soil material of mixed mineralogical origin; other- 
wise the typical profile has about the same degree of compaction and 
clay accumulation, 

The Elkhorn soils have been weathered on a sandy marine terrace 
where the soil material contained little clay to be carried into the 
subsoil. The surface soils are sandy, and brown in color, with gray 
streaks extending downward along root cavities to a depth ranging 
from 12 to 16 inches. The B horizon bakes hard on drying but is 
fairly soft when moist, although water penetrates the lower part of 
the subsoil with difficulty. The lower subsoil material is mottled 
with gray and brown stains. Determinations showed a pH value of 
6.5 for the lower part of the A horizon and of 7.9 for the lower part 
of the B horizon. Only a few root cavities are present below a depth 
of 16 inches from the surface. 

The accumulation of lime in the B, layer of the Salinas soils is 
a product of soil weathering, the lime occurring in small seams and 
nodules and not diffused throughout the soil mass. The B, layer is 
slightly more compact than the surface soil and breaks up to a 
coarse granular structure. Both surface soil and subsoil are well 
filled with roots and root cavities. Both Salinas and San Marcos 
soils are dark grayish brown or dark brownish gray, but the San 
Marcos soils are highly micaceous, poorly aned, and contain 
alkali in appreciable quantities. The B, layer of the San Marcos 
soils is highly calcareous and mottled with rust-iron and black spots, 
owing to the high water table. 


SOILS DEVELOPED ON UNCONSOLIDATED MATERIALS WITH PROFILES OF 
MODERATE OR FULL MATURITY 


Immature or semimature soils in thıs group are represented by the 
members of the Ramona, Merriam, and Huerhuero series. The 
Ramona soils have a less mature profile than the other two soils. 
In age, the Ramona soils are between the Greenfield and Merriam 
soils, but all of them have soil material derived largely from gra- 
nitic sources, Both the Merriam and Huerhuero soils have an accu- 
mulation of lime in the lower part of the heavy clay layer and more 
friable soil material below this. 

The Monserate and Redding soils are characterized by fully ma- 
ture profiles typical of mature weathering action under semiarid 
climatic conditions and by the formation of hardpan layers at a 
depth ranging from 18 to 36 inches below the surface. 

he Huerhuero, Monserate, and Redding soils occur on terraces 
or mesas where the surface is marked by “hog wallows,” and the 
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Ramona and Merriam soils occur on benches in many places, al- 
though most of the bodies oecupy lower terraces and valley floors in 
the eastern part of the area. The “hog wallow” surface relief is 
in evidence over most areas of the Merriam soils but absent from 
areas of the Ramona soils. The surface soil of the Merriam, Huer- 
huero, and Redding soils is boggy during the rainy season, the 
heavy subsoil holding the water on or near the surface in the flats 
or depressions. 

The soils of the Ramona series, the youngest member of this group, 
show the following horizons: 


A. From 0 to 5 inches, brown friable sandy loam of granular structure and 
well filled with roots and root cavities. The coarse particles consist 
of granitic fragments. 

Bi. From 5 to 14 inches, rich-brown slightly compact amorphous sandy 
loam of medium-granular structure and well filled with root cavaties, 
fn which the quartz rock fragments are easily seen by the naked eye. 

B; From 14 to 30 inches, reddish-brown moderately compact loam or 

sandy clay loam, which breaks up into soll fragments the size of a 

walnut. Dark brownish-red glazing appears on the faces of the frag- 

ments, but no glazing on the broken surface of fragments, Small holes 
occur throughout the soll mass, and the material has a large content 
of quartz particles, 

From 30 to 50 inches, dull reddish-brown or chocolate-brown compact 

sandy clay loam or sandy clay, which breaks up into irregular or 

cubical shaped clods from 1 to 2 inches in diameter. The structure 

18 somewhat columnar in exposed cuts. Dark brownish-red colloidal 

glazing occurs on the surfaces of clods and dark stains in root cavities. 

The interior of the clods is browner than the exposed surface of the 

cubes, and the colloidal glazing extends into the inside of the cubes. 

The material contains a large number of quartz particles. 

G. From 50 to 72 inches, brown or yellowish-brown slightly compact amor- 
phous sandy loam or loam containing large particles of quartz and 
granitic fragments. 


The Merriam soils, which represent advanced weathering of old 
alluvial deposits of granitic origin, show the following typical profile 
in the Oceanside area: 


A. From 0 to 12 inches, brown friable sandy loam of fine-granular struc- 
ture, showing light-gray spots on clods when broken. A 44-inch surface 
layer shows a pH value of 7.2, and the lower part of the horizon gives 
a pH value of 6.5. The soll material contains root cavities, 

B.. From 12 to 18 inches, dark brownish-red or dark reddish-brown very 
compact sandy clay (solonetz), with a columnar structure. The col- 
umns are about 2 inches in diameter and can be broken down into 
cubes that show colloidal coating on the surface, which does not persist 
on the inside of the cubes, Considerable dark staining is in evidence 
in this layer. The contact between this layer and the one above is 
very abrupt, and some gray coloration is on the upper surface of 
the columns which are slightly rounded. Root cavities are not present 
in this layer, 

B:. From 18 to 28 inches, brownish-red compact sandy clay of cubical 
structure and having less colloidal coating than the particles in the 
layer above. This layer is not so dark as the one above, but has dark 
stains in spots. The material in this layer shows a pH value of 7.6. 

Ba. From 28 to 40 inches, dull-brown or dark reddish-brown compact sandy 
clay loam of cloddy structure, with lime, which is hard to distinguish 
in places, occurring in seams and small nodules. The soll material in 
this layer gives a pH value of 8,6, Immediately below the zone of lime 
concentration the soil changes in texture and structure and contains 
dark stains. 

C. From 40 to 72 inches, dark-brown or dark reddish-brown moderately 
compact fine sandy loam of medium-granular structure and containing 
considerable dark staining. 


Bs. 
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All horizons are gritty, the soil particles being sharp and of gra- 
nitic origin. 

The soils of the Huerhuero series have a sequence of layers and 

neral structural characteristics similar to the Merriam soils, but 
they differ in color and origin of the soil material. The following 
profile shows: 


A. From 0 to 12 inches, Nght brownish-gray or light grayish-brown 


friable fine sandy loam, the topmost part of which packs fairly hard 
but breaks up readily into a granular structure. This horizon is 
full of root cavities, with gray coatings and streaks along the cavities. 
The material shows a slightly acid reaction with Teskit, A gray 
dusty coating occurs between this and the horizon below. 


Bı. From 12 to 20 inches, dull grayish-brown very compact sandy clay 


loam or clay (solonetz) containing vertical columns about 2 inches 
wide, which break down into cubes. There is some colloidal coating 
on the cubes but not so much as in other soils having the characteristic 
solonetz structure. The line of demarcation between this horizon 
and the one above is sharp. The material contains small root cavities 
whose surfaces are darker than the soil mass. This darker color 
is also in evidence along the surfaces of cracks. The light-gray coat- 
ing that occurs on the top of this layer extends in streaks into the 
layer to a depth of 1 or 2 inches, 


Ba From 20 to 82 inches, dull grayish-brown or yellowish-brown com- 


Ba. 


pact sandy clay lonm or clay of cubical structure This layer is some- 
what lighter colored and lacks the vertical breakage of the one above it 
From 32 to 52 inches, yellowish-brown, mottled with red and yellow, 
moderately compact fine sandy loam of granular structure, with lime 
concentration in cracks and cavities. 


O. From 62 to 72 inches, yellow or gray stratified sandy loam This ma- 


terial is noncalcareous and structureless, 


The soils of the Monserate series have an iron and silica cemented 
hardpan. The mature profile is as follows: 


A. From 0 to 10 inches, brown sandy loam which is hard when dry but 


breaks up readily into a medium-granular structure and contains 
a large number of small root cavities. 


B.. From 10 to 28 inches, brown or chocolate-brown very compact sandy 
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clay that appears in columns when viewed in a cut, but breaks down 
readily Into cubes. The tops of the columns are slightly rounded 
and have a slight accumulation of gray dust between them and the 
surface horizon. The surface of the cubes is coated with a colloidal 
glazing. This does not appear when the cubes are broken and the 
surface cracked. The lower part of this layer does not have so much 
colloidal glazing or as “definite cubical structure as the material at 
the top of the layer. 

From 28 td 33 inches, brown compact sandy clay lonm mottled with 
lime, 


Ba From 33 to 70 inches, reddish-brown iron and silicn cemented hard- 


pan with lime occurring in seams and cracks, The hardpan is some- 
what broken up and irregular in depth and thickness. 


C. From 70 to 100 inches, grayigh-brown loose stratified sand, from 


granitice and somewhat mixed sources, which lacks structure, 


Redding gravelly sandy loam, as mapped in this area, shows the 
following profile: 
A, From 0 to 7 inches, light brownish-red or dull brownish-red gravelly 


Bi. 


sandy loam which has a granular structure and is filled with roots. A 
fibrous mass of moss covers the surface. The immediate surface soil 
gives an acid reaction with Soiltex. 

From 7 to 18 inches, dull brownish-red or red compact waxy sandy 
clay which breaks up into 14-inch granules when crumbled in the fin- 
gers. In a cut this material appears as irregular-shaped somewhat 
columnar blocks. The lower part of this layer has much colloidal 
glazing throughout the soil mass even on the broken granules. The 
color is fairly uniform and there are few root cavities 
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B. From 18 to 50 inches, pale beownish-red iron and silica cemented cobbly 


hardpan. 


Cı. From 60 to 80 inches, a very compact, partly cemented bed of cobbles 
and sand, ranging from brown to gray in color. 
Mechanical analyses, including determinations of the ultra, or 
finer, colloidal clay materials and moisture equivalents, of representa- 
tive samples of soils of the Oceanside area were made in the labora- 
tories of the division of soil technology, University of California, 
and the results are shown in Table 3. 


TABLE 3.—Mechanical analyses of several soils fiom the Oceanside area, Oalsf. 


Soll type and 
sample No 


Vista sandy loam 
577512. 


Las Posas stony 
fing sandy loam 


677607. .....---- Oto 4 
677508... . 4to 16 
677509...... 16 to 26 
XKonokti stony loam 
577583 0 to 10 
877534 --| 10 to 28 
Escondido silt loam 
877501... ._---- 0 to 10 
10 to 28 
Oto 5 
§ to 20 
20 to 88 
Oto 10 
10 to 24 
Ayar clay loa 
B77831 aa 0 to 12 
TER 12 to 38 
Linno clay 
577629... 0 to 10 
577530... 10 to 20 
Oarlsbad loamy 
sand’ 
577548. 0 to 12 
877649... 12 to 30 
877650. 80 to B0 
Olivenhain loamy 
fine sand 
liri 2... noe! Oto 8 
577655... 9 to 27 
(tli, 27 to 36 
Las Flores loamy 
fine sand 
577535.......-.-.-- Oto 7 
577536.. 7 to 16 
SEN 18 to 36 
0 to 12 
12 to 72 


Clay includes materials from 0.008 to 0,002 millimeter in diameter, 


Fine |Coarse 
gravel | sand 
Per ct. | Per ct. 
8.1) 144 
91) 128 
83} 118 
19 2.6 
31 5.1 
21) 30 
1.0 Lö 
20) 23 
43 60 
47 4.9 
20 24 
13 30 
6 9 
4 5 
4 9 
3 16 
4 13 
2 8 
~4/ 12 
16; 690 
Ii 7.0 
+6} 13.7 
-6] 17.7 
4.23) 23.6 
41 30 
3 5 
.1| 20 
15| 33 
23} 134 
13] 16 
-6/ 19 
6) 39 
-7) 198 
1.0] 10.9 
12| 241 
81] 13.0 
13. 19,1 


Me 
dium 


ee 


za 
Sa 


zee 


Sep 
woo 


See 
oe Pe 
=e oe 


fee 
Oho 


12.9 


BS BY ae po ppo 
an of ag ono 


EM 
> 
moog 


RSE 
Lda 


13.7 


Very 
fine | Sit | Clay! 

sand 
Per c. | Per et.) Per ct, 
247) 132| 39 
26.4) 128 31 
4.4] 120| 32 
33] 155| 59 
82.4] 157| 57 
478] 28.83 60 
464) Bw) 82 
45.2] 76| 87 
198; 352] 126 
43] 304] 180 
296] 600] 33 
28,83 | 529; 43 
318; 367| 10.4 
21.0 | 303 195 
286| 354) 143 
1.9| 288| 174 
118; 20/ 184 
34.2; 36.7] 113 
353; 353] 114 
139| 21.65] 103 
122] 198] 13.8 
18.5) 89} 30 
118, 68; 88 
65) 31| 32 
220) 8.3; 3.0 
127) 83) 13 
10.8; 7.6) 19 
wt) 81 19 
85) 76; 21 
86] 126 18 
34.2] 139] 34 
821) 92; 2,2 
133| 58| 28 
98| 39| 17 
101) 35 zi 
165| 128) 58 
128! 8.81 40 


2 Colloid includes matertals less than 0 002 millimeter in diameter. 


Se Ba poa 
BDO WA Doe 


o 38 Se 


pat 
= 


iS} 
= 
YY Ah om POM 


82 88 55 SEN 
on oy WA sho 


BS pon AA 
Wan ome 


po 
L-i o i 


EB Sep 
ap Oe AN 


gogo 


opa 
-po 


BS BẸR SSE 
Omn om ONO 


83 88 EE BEE 
Ne ON mh OD 


Seo PBp pon 
ID ON ANY 


opa he 
cones oe 


RB 
e000 


40 BUREAU OF CHEMISTRY AND SOILS, 1929 


Table 3.— Mechanical analyses of several soils from the Oceanside area, Gahf.— 


Continued 
Mols- 
Soil type and Fine |Ooarse) Me- | ing | Very Total | ture 
sample No, Depth | gravel sand dum sand m clay jor uv 
en 
San Marcos fine 
sandy loam Inches Per ci |Per ct |Per ct, | Per et |Pey c. |P Per ct.|Per ct. 
577620. Oto 14 63 74 82! 230| 316 94 160 
577521. 14 to 72 57 60 77| 289) 256 13 3 18 9 
Salinas clay 1 
Qto 12 4.9 6a 38) 291| 208 23 4 20 4 
577597... --| 12 to 40 41 4.9 68! 35.0] 181 20 0 18,6 
577598........... 40 to 72 36 68 40| 184] 224 310 25 4 
Ramona sandy 
89; 810! 202 8.3 108 
84| 222| 314 13 3 141 
42| 204| 294 22.3 18.0 
686! 167| 278 227 200 
43] 215; $11 189 19 6 
se| 145] 332 133| 170 
28 93) 243 37.7 26.9 
52! 153| 281 27.1 22 6 
36, 186; 286 213 4 
0| 438; 334 94 8 118 
6| 325| 307 94 253 23 6 
10| 407] 265 82 13 6 15 4 
60/ 157 82| 20.4; 213 88 12 2 
89 76| 126| 186) 139 35 4 22 4 


1 giay includes materials from 0.005 to 0.002 millimeter in diameter 
3 Colloid includes materials less than 0 002 millimeter in diameter. 


SUMMARY 


The Oceanside area is in the northwestern part of San Diego 
County, Calif., and comprises 577 square miles. 

It consists of a mountainous region, covering the eastern half, 
and a coastal plain of broad flat-topped sea terraces on the west. 
Streams have cut deep valleys through the coastal-plain region to 
the sea. A number of valleys occur in the mountainous region, 
mnong them being Escondido, San Marcos, Green, and Poway 

alleys. 

A large part of the mountainous region is made up of rough ston 
land and rough broken land, which are nonagricultural. The Fall- 
brook and Vista soils are the most important agricultural soils of 
the mountainous region in the eastern part of the area, With irriga- 
tion, citrus fruits are grown in frost-free locations. The Las Posas, 
Konokti, and Escondido soils also occur in this region. 

The Altamont, Diablo, Ayar, Linne, Tierra, Las Flores, and 
Olivenhain soils occur on the coastal plain. They are all underlain 
at 2 depth of less than 6 feet by consolidated or moderately consoli- 
dated material and are severely eroded in spots. 

The Carlsbad and Elkhorn soils are developed on sandy beach 
deposits along the coast. A large part of the avocado, winter vege- 
table, bulb, and flower development of recent years has taken place 
on the Elkhorn soils, extending from Oceanside to Solana Beach. 

The Hanford, Tujunga, Foster, Alviso, and Laguna are recent 
stream-laid soils. The Hanford, Foster, and Laguna are important 
agriculturally for alfalfa, truck crops, and beans. 
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The Greenfield, Botella, San Marcos, Ramona, and Salinas soils 
have slightly weathered profiles, indicated by a slight accumulation 
of clay or lime in the subsoil. All are good soils but not extensive. 

The Merriam and Huerhuero soils have a heavy accumulation of 
clay in the subsoil, in addition to an accumulation of lime. Agri- 
au is somewhat restricted on these soils on account of the heavy 
subsoil. 

The Redding and Monserate soils are characterized by hardpan 
layers. Miscellaneous soil materials include rough stony land, rough 
broken land, tidal marsh, river wash, and coastal beach and dune 
sand. These are nonagricultural soils. 

The agriculture of the area is largely governed by the climate and 
the water supply. Avocados and citrus fruits require frost-free 
locations. As the rainfall ranges from only 9 to 17 inches, most 
crops require irrigation. The water supply is limited at the present 
time, and water is expensive on the coastal-plain soils. 

The temperatures along the coast are equable, there being an 
absence of either extremely hot or very cold weather. 


O 


Authority for printing soil survey reports in this form is carried 
in Public Act No. 269, Seventy-second Congress, second session, 
making appropriations for the Department of Agriculture as follows: 


There shall be printed as soon as the manuscript can be prepared with the 
necessary maps and illustrations to accompany it a report on each soil area 
surveyed by the Bureau of Chemistry and Soils, Department of Agriculture, 
in the form of advance sheets bound in paper covers, of which not more than 
250 copies shall be for the use of each Senator from the State and not more 
than 1,000 copies for the use of each Representative for the congressional 
district or districts in which a survey is made, the actual number to be de- 
termined on inquiry by the Secretary of Agriculture made to the aforesaid 
Senators and Representatives, and as many coples for the use of the Depart- 
ment of Agriculture as in the judgment of the Secretary of Agriculture are 
deemed necessary. 
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1 SACRAMENTO VALLEY “~ 

2 SAN FRANCISCO BAY p 
3 LOWER SAN JOAQUIN VALLEY 
4 SAN DIEGO REGION 

5 MIDDLE SAN JOAQUIN VALLEY 
6 CENTRAL SOUTHERN 

7 UPPER SAN JOAQUIN VALLEY 


1. Hanford. 15, Madera, 29. El Centro. 48. Bishop, 

2. Ban Jose. 16. Red Bluff. 80. Grass Valley. 44, King City. 
8. Bakersfield, 17. Fresno. 81, Willits. 45. Chico. 

4, Sacramento. 18, Merced, 82. Shasta Valley, 46. Salinas. 

5. Stockton. 19, Ukiah. 38, Big Valley. 47. Oroville. 

6. Butte Valley. 20. Healdsburg. 84. Brawley. 48. Clear Lake. 
7, Colusa. 21. Honey Lake. 35, Eureka. 49. Placerville. 
8. Redding. 22, Pasadena. 86. Victorville, 50. Santa Ynez, 
9. Modesto-Turlock, 28. Riverside. 87, Lancaster, 51. Paso Robles, 
10. Pajaro Valley. 24. San Fernando. 88. Palo Verde. 52. San Luis Obispo, 
11, Portersville. 25. Anaheim. 89. Coachella Valley. 58. Sapistano, 
12, Marysville, 26. Los Angeles, 40. Gilro: 54, Oceanside, 


lroy. 
18. Woodland, 27. Santa Maria, 1, Hollister. 
14, Livermore, 28, Ventura. 42. Auburn, 
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Accessibility Statement 


This document is not accessible by screen-reader software. 
The U.S. Department of Agriculture is committed to making its 
electronic and information technologies accessible to individuals 
with disabilities by meeting or exceeding the requirements 
of Section 508 of the Rehabilitation Act (29 U.S.C. 794d), as 
amended in 1998. Section 508 is a federal law that requires 
agencies to provide individuals with disabilities equal access to 
electronic information and data comparable to those who do not 
have disabilities, unless an undue burden would be imposed 
on the agency. The Section 508 standards are the technical 
requirements and criteria that are used to measure conformance 
within this law. More information on Section 508 and the 
technical standards can be found at www.section508.gov. 

If you require assistance or wish to report an issue related 
to the accessibility of any content on this website, please 
email Section508@oc.usda.gov. If applicable, please include 
the web address or URL and the specific problems you have 
encountered. You may also contact a representative from the 
USDA Section 508 Coordination Team. 


Nondiscrimination Statement 


In accordance with Federal civil rights law and U.S. 
Department of Agriculture (USDA) civil rights regulations and 
policies, the USDA, its Agencies, offices, and employees, and 
institutions participating in or administering USDA programs 
are prohibited from discriminating based on race, color, 
national origin, religion, sex, gender identity (including gender 
expression), sexual orientation, disability, age, marital status, 
family/parental status, income derived from a public assistance 
program, political beliefs, or reprisal or retaliation for prior civil 
rights activity, in any program or activity conducted or funded 
by USDA (not all bases apply to all programs). Remedies and 
complaint filing deadlines vary by program or incident. 

Persons with disabilities who require alternative means of 
communication for program information (e.g., Braille, large 
print, audiotape, American Sign Language, etc.) should contact 
the responsible Agency or USDA’s TARGET Center at (202) 
720-2600 (voice and TTY) or contact USDA through the 


Federal Relay Service at (800) 877-8339. Additionally, program 
information may be made available in languages other than 
English. 

To file a program discrimination complaint, complete the 
USDA Program Discrimination Complaint Form, AD-3027, found 
online at http:/www.ascr.usda.gov/complaint filing cust.htmil 
and at any USDA office or write a letter addressed to USDA and 
provide in the letter all of the information requested in the form. 
To request a copy of the complaint form, call (866) 632-9992. 
Submit your completed form or letter to USDA by: 


(1) mail: U.S. Department of Agriculture 
Office of the Assistant Secretary for Civil Rights 
1400 Independence Avenue, SW 
Washington, D.C. 20250-9410; 


(2) fax: (202) 690-7442: or 
(3) email: program.intake@usda.gov. 


USDA is an equal opportunity provider, employer, and lender. 
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